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INTRODUCTION 
General Background 
The region made up of western Oregon and western Washington ex­
tends westward from the crest of the Cascade Mountains to the Pacific 
Ocean and northward from the northern California border to the southern 
boundary of British Columbia. To foresters, this area is known as the 
Douglas-fir subregion because the primary commercial tree species in 
the region is Douglas-fir. 
The Douglas-fir subregion contains only one percent of the nation's 
commercial forest land*; however on this land is 27 percent of the 
nation's sawtimber volume and 20 percent of its growing-stock 
volume***(35). 
Commercial forest land - Forest land which is producing or capa­
ble of producing crops of industrial wood and is not withdrawn from 
timber utilization by statute or administrative regulation. Includes 
areas suitable for management to grow crops of industrial wood and 
generally capable of producing in excess of 20 cubic feet per acre of 
annual growth. Includes both accessible and prospectively accessible 
areas and both operable and prospectively operable areas. 
** 
Sawtimber trees - Live trees, 11.0 inches or more in diameter at 
breast height, containing at least one log meeting the minimum log grade 
specifications for a sawlog. 
*** 
Growing-stock trees - Live sawtimber trees, saplings and seed­
lings of commercial species meeting specified standards of quality or 
vigor that are now or may be expected to become suitable for use as 
industrial wood; excludes cull trees. 
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Thirty percent of the commercial forest land area of the Douglas-
fir subregion is National Forest which is administered by the U.S. Forest 
Service, Department of Agriculture. National Forest land contains 47 
percent of the subregion's sawtimber volume and 43 percent of its 
growing-stock volume. The importance of this timber to the economy of 
Oregon and Washington is attested by the fact that of over 11.6 billion 
board feet of log production in the Douglas-fir subregion in 1963, 30 
percent came from National Forest land. As of the same year, Smith and 
Gedney (25) found that over one-half of Oregon's and one-fourth of 
Washington's manufacturing labor force worked in the forest products 
industry. Gedney et al. (9) project over a 20 percent increase in con­
sumption of Pacific Northwest sawtimber by 1985 compared to consumption 
in 1962. The increase of log production is expected to occur over all 
ownerships in the Pacific Northwest, with the share of the National 
Forests of the Douglas-fir subregion remaining constant or increasing. 
The economic importance of the National Forests in the Douglas-fir 
subregion makes it imperative that the policies of management and utili­
zation on these forests be in the public interest. This, in fact, is 
in the charter of the National Forests. The National Forests were con­
ceived during the latter half of the nineteenth century by persons con­
cerned by destruction of the nation's forests. The first forest 
reservations were set aside for the purpose of locking up and preserving 
the existing natural resources on the land. There was no provision for 
the administration of the land nor the utilization of its resources. 
It soon became apparent that the non-use of the land and its 
resources was not in the national interest. Congress finally passed the 
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Sundry Civil Appropriation Act of June 4, 1897 (U.S. Statutes at Large 
30% 35. 1897), which was the first step in providing for the use of 
resources on the Federal Forest Reserves. In particular, it provided 
the following: 
"For the purpose of preserving the living and growing 
timber and promoting the younger growth on forest reservations, 
the Secretary of the Interior.. .may cause to be designated and 
appraised so much of the dead, matured or large growth of trees 
found upon such forest reservations as may be compatible with 
the utilization of the forests thereon, and may sell the same 
for not less than the appraised value...." 
This legal authority to sell timber from the National Forests was 
necessary to establish the timber management concept. The sale of 
timber is a necessary link in the chain of forest management activities— 
indeed it provides one of the primary objectives of forest management. 
The Forest Service (34) states this objective as follows: "...to provide, 
so far as feasible, an even flow of National Forest timber in order to 
facilitate the stabilization of communities and opportunities of employ­
ment." To this end, the National Forests of the Douglas-fir subregion 
made over 1,000 timber sales in 1965. These sales had a volume of over 
3 billion board feet and a total value of about $104 million. 
Timber Sales 
As provided for in the Act of June 4, 1897, timber on the National 
Forests is to be sold "for not less than the appraised value." Every 
tract of timber put up for sale thus undergoes a value appraisal. To 
understand the appraisal procedure it is necessary to understand how 
timber is sold. 
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The nature of the product 
Timber grows in stands. The Society of American Foresters (26) 
defines a timber stand as: "An aggregation of trees occupying a speci­
fic area and sufficiently uniform in composition (species), age arrange­
ment, and condition as to be distinguishable from the forest on adjoin­
ing areas." Since this paper deals with Douglas-fir, the discussion will 
be limited to "even-aged stands" or stands with age differences between 
individual trees not exceeding 10 to 20 years. 
A timber sale is the act of transferring ownership of all or some 
portion of a stand of timber from one agent (the seller) to another 
agent (the buyer). Timber is usually sold, exclusive of the land, as 
it stands in the woods (or, "on the stump"). In this case, the timber 
is referred to as stumpage. 
The major difficulty in placing a value on the stumpage of a timber 
sale is that each timber stand is unique. In addition to physical and 
biological differences, stands also differ in economic characteristics 
many of which are related to the physical factorst distance from wood-
using industries; stand management costs; logging costs; costs of 
developing access to the stands; and others. 
With such an endless variety of factors within and between timber 
stands, it should not be surprising that it is difficult to determine 
stumpage values. The product, timber, is not homogeneous physically or 
economically. Timber is, potentially, thousands of products. It is 
furniture or fuelwood; telephone posts or kitchen cabinets; paper or 
paneling. Even uncut timber has value. It helps control floods. 
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shelters wildlife and campers, or perhaps, inspires poets and composers. 
The value of uses that don't require timber harvest, although important, 
will not be considered in this paper. 
Sale layout and selling procedure 
When a tract of timber is put up for sale on a National Forest, the 
boundaries of the sale are carefully established. The objective of 
harvest cutting in even-aged Douglas-fir management is usually to clear-
cut, i.e., completely clear the sale area of trees. This will then 
allow for the eventual regeneration of a new even-aged stand. Once the 
sale boundary is established, the sale area is cruised, i.e., sampled to 
get an estimate of the quantity, the species, and the quality of timber 
in the sale. 
If there are no access roads to the sale site. National Forest 
personnel lay out and survey a road which will serve the sale and then 
remain as part of the planned road system of the forest. Such access 
roads are built by the purchaser of the timber sale and are maintained 
by him until the hauling from the sale is completed. The cost of the 
road construction and its maintenance for the duration of the sale are 
charged against the value of the timber. 
Once the timber is cruised, an appraisal of its stumpage value is 
made. This appraisal becomes the advertised sale value or the price 
below which the Forest Service chooses not to make the sale. The sale 
and its minimum price are then advertised for 30 days during which time 
prospective buyers can submit a qualifying bid and a deposit. A 
qualifying bid is any bid greater than or equal to the advertised 
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value. At a specified time after the 30-day advertising period, all 
qualified bidders gather together for an oral auction of the sale.* The 
high bidder is then awarded the sale. 
Stumpage appraisal 
What is the value of stumpage? 
Timber is an input factor for the manufacture of wood products. 
Its value on the stump is its potential net contribution to the total 
value of the wood items manufactured from it. If it is assumed that 
wood products manufacturers operate in a perfectly competitive market, 
the value of manufactured wood products is equal to their price. 
Assume one product is produced from timber and it has the unit 
price p. The production function is: 
q = f (x^ , X) 
where q = quantity of wood product produced 
= timber input 
X = all other inputs 
The marginal physical productivity of isi 
It follows that the total value of the items produced is pq. The 
*Some National Forest timber in the Douglas-fir subregion is sold 
by use of sealed bids. Mead (16) found that 9.5 percent were sealed bid 
sales in the period 1959-62; the remainder were oral auction sales. 
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contribution of timber to this total value isi 
pf^ Cxj^ , X) 
That is, timber's value is its marginal value productivity. The marginal 
value productivity is the price of the timber under perfect competition. 
From the standpoint of the Forest Service appraiser, the value of 
standing timber is its marginal value product under relevant assumptions 
of how the timber will be used. The appraiser assumes a perfectly 
competitive market and constant marginal productivity of timber. 
To a buyer, stumpage value would be what the Forest Service says 
it is providing the buyer has exactly the market and production charac­
teristics assumed by the Forest Service. Actually the Forest Service 
aims at appraising timber as if it is going to be used by an average 
performance firm. Therefore, the value of the timber to a specific 
potential buyer may vary from the appraised value depending on the 
firm's performance with respect to the average performance assumed by 
the Forest Service. In addition, there are buyer characteristics which 
the Forest Service appraisal does not take into account, such as: the 
capacities of mills and their alternative sources of timber supply; 
the expectations of potential buyers with regard to the future value of 
their products; and the desire of a mill owner to limit a competitor's 
log supply by outbidding the competitor, even if this behavior reduces 
short-run dollar returns. 
In short, the value of stumpage to a buyer is what he is willing to 
bid for it. His bid reflects the buyer's assessment of the tangible and 
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intangible value productivity of the timber at a specific point in time. 
It is only under perfect competition that the Forest Service appraisal 
and all buyers* valuations would coincide at all times. 
The following distinction is made for this study: Stumpage value is 
defined as the Forest Service appraised value of the timber. Stumpage 
price is that amount bid by the high bidder (the buyer) of a timber sale: 
It is the selling price of the timber. Stumpage price will always exceed 
or equal the appraised stumpage value because the Forest Service will not 
accept bids at less than the appraised stumpage value. 
The Forest Service uses the "residual value approach" to determine 
appraised stumpage values. This means that appraised stumpage value is 
the residual remaining after all costs from the standing tree through 
end-product manufacture and an allowance for profit and risk are sub­
tracted from the selling value of the end-products. In equation form: 
S — Z — C — M 
where S = appraised stumpage value 
Z = selling price of the end-products manufactured from the timber, 
f.o.b. mill 
C = all costs from the stump through the manufacture of the end-
products 
M = allowance for profit and risk 
The actual appraisal of stumpage value is much more difficult than 
the simple formula indicates. The appraiser must first estimate what 
end-product or combinations of end-products will be manufactured from the 
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mix of log grades and sizes in the timber sale. He must also estimate 
the distribution of the grades of the end-products which can be re­
covered in manufacture because end-product prices vary widely with 
grades. For instance, if lumber is the end-product, grades of lumber 
can vary from clear select lumber which may sell for $150.00 per thousand 
board feet to knotty utility lumber at about $40.00 per thousand board 
feet. These prices must also be determined. With this information, 
selling price, Z, can be calculated. 
Costs, C, are made up of all the costs of logging, loading, and 
transporting logs, and the costs of manufacturing the end products. 
These are all the.costs necessary to convert the standing trees into the 
anticipated end-products f.o.b. mill. Administrative expenses and 
depreciation are also included. The appraiser must allow for a margin 
of profit and risk, M, for the logging, transportation and manufacturing 
operations. 
There are many potential buyers for most timber sales. Obviously, 
the appraiser cannot account for the costs, returns and profit objectives 
of all these buyers. Therefore, the policy of the Forest Service is to 
appraise for the situation which exists in the "average efficiency" 
operations in a timber market. The concept here is that the appraisal 
should not penalize above-average-efficiency nor subsidize below-average-
efficiency users of public timber. This concept will be discussed in 
the section entitled "The Objective of Forest Service Stumpage Appraisal". 
One of the key steps of the appraisal procedure is the decision of 
which end-products to use as the basis for determining selling price. 
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For example, some Douglas-fir logs can be used to manufacture lumber, 
veneer for plywood or chips for pulp and paper. They can be used as 
telephone poles or as firewood. The logs could have a wide range of 
values in these various uses. The appraiser must therefore have a 
decision rule for choosing the end-product (and thus the appropriate 
costs and prices) to be used in the appraisal. A rational decision rule 
can be formulated only by knowing the market for stumpage. If only 
lumber manufacturers exist in the market for stumpage, then the appraisal 
should be made as if the timber will be used for lumber. This was the 
case in many areas when the Forest Service appraisal procedure was 
worked out over 50 years ago. However, today, wood utilization plants 
capable of making a combination of end products--integrated plants—have 
the opportunity to maximize their return from a bundle of logs by assign­
ing each log to its highest value use. Where such possibilities are 
common, some degree of optimization in the choice of which end-products 
to produce may be the "average-efficiency" situation. This should, 
therefore, be accounted for in the stumpage appraisal. 
Study Objectives 
The main objective of this study was to construct a model of the 
market for stumpage as viewed by the Forest Service appraisal system. 
Such a model, adapted to a high speed computer, makes it possible to 
efficiently study each major component of the appraisal system and to 
evaluate the effects of changes in the magnitude of appraisal variables 
on the value of stumpage. It also makes it possible to evaluate the 
effects of new appraisal policies on the appraised value of stumpage. 
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A secondary objective was to use the model of the appraisal system 
in a case study analysis of several assumptions of end-product use that 
the appraiser can make when he has two production possibilities in the 
market for Douglas-fir stumpage—lumber and veneer. Using a representa­
tive Douglas-fir timber sale, monthly appraisals were made for the 
period January 1950 through December 1964. These appraisals reflect the 
monthly movements of the prices of all Douglas-fir lumber and plywood 
items under each of the four following assumptions of end-product use: 
1. All the timber in the sale will be sawn into lumber. 
2. All the timber in the sale will be peeled for veneer. 
3. Each log will be used where it has highest value. 
4. All logs designated as "peelers" under the existing log grade 
rules will be peeled for veneer; all logs designated as "sawlogs" will 
be sawed for lumber.* 
The period 1950 through 1964 was roughly the period during which 
the plywood industry became a major competitor of lumber producers for 
The terms "peeler logs" and "sawlogs" are log grading designations 
of the Columbia River Log Scaling and Grading Bureau. These usages have 
evolved from assumptions of what physical characteristics a log must 
have to be used for veneer manufacture vs. the more traditional lumber 
manufacture. The physical characteristics are purely technical con­
siderations, although the prevailing opinion has been that "peelers" are 
more valuable when peeled than if they are sawed into lumber. "Sawlogs," 
on the other hand, have some limitation such as small size, knots or 
heart rot which makes them technically undesirable or impossible to 
peel. The prevailing opinion on sawlogs doesn't usually include value 
considerations—the logs are just undesirable for peeling on technical 
grounds. 
Lately, veneer manufacturers have been using more and more "sawlogs" 
and some sawmills have been making (Footnote continued on next page) 
12 
Douglas-fir stumpage. In 1952, use of softwood log output (mainly 
Douglas-fir) of the Douglas-fir subregion for lumber manufacture was 
about 9 times that used in veneer manufacture (36). In 1963, lumber's 
share was only about 2.2 times that of veneer (37). 
The case study will provide an analysis of the effect of end-
product price movements on the stumpage valuation of a timber sale. It 
will use the latest data on expected veneer and lumber grade recoveries 
from Douglas-fir logs. These recoveries are the first ever developed 
by the Forest Service which will allow the evaluation of all Douglas-fir 
log grades in both lumber and veneer manufacture. Previous recovery 
studies considered only "peeler logs" in veneer manufacture and "sawlogs" 
in lumber manufacture. 
In summary the objectives are: 
1. To construct a model of the Forest Service appraisal system 
from an appraiser's-eye view of the market for stumpage. The model will 
be programmed for a high speed computer to allow efficient testing of 
the effects of changes in magnitude of appraisal variables and to 
evaluate changes in appraisal policy. 
2. To make a case study of the effects of the monthly price move­
ments of Douglas-fir lumber and plywood items on the appraised value of 
(Footnote continued) lumber from "peelers." This is especially notice­
able in integrated firms where logs appear to be purposely allocated in 
this manner. One of the indirect objectives of this study is to see, 
for the limited scope of the study, if the traditional log grades have 
a value correlation. For example, are "peelers" more valuable in veneer 
manufacture than lumber manufacture? Is it profitable to peel sawlogs? 
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a representative timber sale for the period 1950 through 1964. 
3. To identify the implications of the case study with respect to 
the assumptions of end-product use in the Forest Service appraisal 
system. 
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THE MARKET ENVIRONMENT FOR NATIONAL FOREST TIMBER 
The timber appraiser operates in a gap between the timber needs of 
the wood-using firms and the timber supply of the National Forests. The 
timber needs of the firms are dynamic--responsive to the ups and downs 
in the demand for lumber, plywood and other end-products. The supply 
of National Forest timber, on the other hand, is available at a relatively 
constant rate. The following discussion of the characteristics of the 
wood-using industries and the Forest Service policy for determining how 
much timber to sell will provide background for the discussion of the 
Forest Service appraisal system. It will also show that the timber 
appraiser has a difficult job'. 
Production Requirements of the Wood-using Firms 
The market for Douglas-fir timber is a conglomerate of processing 
firms. Collectively, these firms have a production function of the 
following implicit form: 
FCIjI^  J « J Qg Î , .... , Xjj) — 0 
The industry as a whole produces S Douglas-fir items, i.e., the various 
end-products by grade. To do so, they use N variable inputs which are 
the various grades of logs, labor, etc. Any individual firm has the 
following implicit production function: 
> •••• ) 9g i » .... J = 0 
where s ^  S and n <: N. 
15 
There is no one-to-one correspondence between subsets of Inputs and 
outputs. A given output mix can be produced with several subsets of 
inputs and; conversely, a given subset of inputs can produce several 
output mixes. For example, if it is desired to produce some quantity of 
lumber grade q^ , it is possible to do so with some quantity of one or a 
combination of several log grades, Xj, where 1 ^  j ^  N. Several log 
grades are technically capable of yielding q^  ^ as some proportion of 
their potential lumber output. 
Conversely, if some quantity of a log grade xj^  were available, it 
would be possible to produce some volume of one or several outputs, qj, 
where 1 ^  j ^  S. 
When buying timber, a firm buys logs of many grades and sizes. 
The actual inventory of a timber sale is uncertain until the trees are 
cut, bucked into logs and scaled. However, even knowing the exact 
inventory of logs in a sale, one cannot predict what products will be 
produced. This depends on the technology and manufacturing decision 
rules of the firm that buys the sale. The technology of the wood-using 
firms ranges from single product operations to completely integrated 
mills. If the timber buyer has a small stud mill, only one product may 
be produced--2x4, 8-foot studs. The mill operator has no decisions to 
make, except what to do with logs that are too large for his gang-saw. 
On the other hand, an integrated-mill operator, with the options of 
making lumber, veneer, pulp and a variety of minor products, has an 
allocation problem. He has a bundle of logs from which he can make many 
products. Some are joint products such as the mix of lumber grades and 
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residues a log will produce once committed to the sawmill. Some are 
mutually exclusive products such as lumber and veneer.* To take ad­
vantage of production flexibility, the integrated-mill operator needs a 
sophisticated set of decision rules for using his logs. He must decide 
between mutually exclusive products on the basis of product value and 
mill capacity and he must balance both mutually exclusive and joint 
products against customer orders. 
Profit motives are as variable as mill technology. Some mills 
attempt to maximize profit, some strive for a specified return on invest­
ment and others just try to stay in the black over the long-run. The 
latter firms spurt in good times, try to weather bad times and are often 
inefficient at all times. The ease of entry into lumber manufacturing 
has, in the past, resulted in an influx of relatively inefficiefnt opera­
tions during periods of high lumber demand. This was true in the post 
World War II construction boom. When lumber prices fall or stumpage 
prices rise, profits are squeezed and these firms are the first to feel 
the pinch. 
In any event, integrated firms have definite advantages in obtaining 
the highest return from a bundle of logs. In his study of mergers in the 
lumber industry. Mead (17, p. 15) found that many of the firms acquired 
in mergers consented to merge because they felt they were unable to 
*These products are mutually exclusive from the standpoint of major 
use. Once a log is allocated to the peeler plant, its major use is 
veneer and once it is allocated to the sawmill, lumber will be produced. 
They are joint products, to some degree, when the core from the veneer 
lathe is sawed into s tuds. 
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compete with the larger integrated firms. The reason for this was that 
integrated firms could bid timber supplies away from single product 
firms because of their ability to more completely utilize the logs. 
That is, integrated firms have the option of using logs to make the 
product or combination of products which yield the highest dollar return. 
The particular advantage of the integrated firm is the possibility for 
coordinated allocation of logs between well-defined production possibili­
ties with known capacities. The production possibilities are often all 
on-site which results in a cost advantage over a system ^ ere logs are 
moved to geographically separate mills. Mead gave an example of the 
owner of an efficient sawmill-veneer mill who sold his mill residues to 
a pulp plant for $8 per unit, but was at a disadvantage compared to the 
operator of a more completely integrated operation, with an on-site 
pulping process, whose residues were worth $20 per unit. 
Regardless of the differences in mill technology, cost advantages, 
or owner objectives, all wood-using firms have one thing in common—they 
need timber. There is absolutely no substitute for logs as an input for 
the production of lumber and veneer. Other wood-using firms can use 
roundwood residues, but they still depend on the availability of round-
wood at some stage of their raw material supply channel. 
The competition for National Forest timber sales in the Douglas-fir 
subregion is intense. The Forest Service is continually under pressure 
about the volume of their annual allowable cut and the level of stumpage 
prices. Before discussing the objectives, methodology and criticisms of 
the Forest Service appraisal system it will be helpful to understand how 
the Forest Service decides how much timber is to be sold. 
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The Allowable Gut 
One of the long range management objectives of the National Forests 
in the Douglas-fir subregion is the liquidation of overmature virgin 
timber. This timber represents a large capital investment for which the 
net annual return is, at best, small. Disease, insects and wind often 
more than cancel out the annual growth in the overmature stands. 
In phasing out the old-growth timber the Forest Service has two 
objectives. One is to make the high productivity land now occupied by 
the old growth available for young vigorous trees. The other is to 
release the tremendous old-growth timber volume at an even-flow rate. 
The latter objective is in keeping with the even-flow policy of the 
Forest Service and is meant to aid in the stabilization of communities 
and opportunities of employment. This policy has been the subject of 
much debate among foresters and in State and National legislatures. 
The allowable cut on National Forests in the Douglas-fir subregion 
is based on the volume of timber older than rotation age* and the mean 
annual growth of the forest. The key to the calculation of allowable 
cut is the relationship of yield per acre and stand age. A yield 
curve** for Douglas-fir on land with site index*** of 140 is: 
*Rotation is defined as the average number of years the even-aged 
stand of a forest is allowed to grow before being cut (20). It is the 
age at which the trees in an even-aged stand are considered mature. 
**Equation obtained from: Chappelle, Daniel E. U.S. Forest 
Service, Portland, Ore. Data from McArdle (14). Private communication. 
***Site index - the height of the dominant trees in the stand at 
age 100. 
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Y = 54,131.05 + 919.926A - 2,889,524.0A"^  - 2.2906A^  
where Y = board foot yield per acre", International 1/8"^  rule 
A = stand age 
For simplicity, symbols are assigned to the coefficients and the equation 
becomest 
Y = a + bA - cA"^  - gA^  
The rotation age is specified as the age at which mean annual growth is 
maximized. The mean annual growth is: 
J 
Y/A = aA"^  + b - cA"^  - gA 
It is maximized by setting its first derivative equal to zero: 
d(Y/A)/dA = 2cA-3 _ 2aA-2 - g = 0 
The root of this equation for which the second derivative is negative 
will be the age at which mean annual growth is maximum.* 
*At the point of maximum mean annual growth, the marginal growth 
will equal mean annual growth. An alternative solution for rotation age 
is thus to set mean annual growth equal to marginal growth and solve for 
A: 
Y/A = aA"^  + b - cA~2 - gA 
dY/dA = b + cA"2 - 2gA 
By setting these equations equal to one another and transposing, the 
result is: 
- 2aA'2 - g = 0 = d(Y/A)/dA 
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The rotation age is then used as the adjustment period during which 
the old growth inventory will be liquidated. The annual allowable cut is 
calculated by the following formula: 
AC = Vm/R + G 
where AC = annual allowable cut 
Vm = volume of timber over rotation age 
R = rotation age 
G «= mean annual growth at rotation age, i.e., maximum mean 
annual growth of the stand 
The main point of this discussion is that the annual allowable cut 
on National Forests is determined strictly on the basis of the age of 
existing stands of timber, the productive capacity of the forest and the 
even-flow timber sale policy. In essence, a timber sale, as a fixed 
proportion of the annual allowable cut, can be represented by an 
inelastic market supply* function such as that portrayed in Figure 1. 
The supply function is non-existent below PQ, the appraised stumpage 
value, and perfectly inelastic above PQ. The demand curve of some wood-
using firms must pass QQ, the volume in the sale, at some point equal to 
or above P^ . It is obvious that gaps can occur between the volume of 
the allowable cut and the demands of the wood-using industry since they 
are independently developed. In one case the industry demand curve way 
•^ Market supply is equivalent to the very short run or stock supply 
referred to by Duerr (7). 
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Price 
Quantity-
Figure 1. Market supply function of National Forest timber. 
pass below the appraised timber value for the volume in a specific sale 
and there will be no bidders for the sale. It appears, in this case, 
that the appraisal is too high. In another case, the industry demand 
curve will cut above the appraised stumpage value and bids will exceed 
the appraisal. Here, it might be charged that the appraisal is too low. 
In both cases, the appraisal may have been accurately and objectively 
calculated according to prescribed regulations. In both cases the 
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appraiser looks bad to those who judge the appraisal by how close it is 
to the final bid price. 
The independence of allowable cut calculations and industry demands 
is not the only factor contributing to the appraiser's dilemma. More 
will become evident in the discussion of the appraisal system. 
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THE OBJECTIVE OF FOREST SERVICE STUMPAGE APPRAISAL 
The first step in constructing a model of the Forest Service 
appraisal system is to specify the objective of the system. This sec­
tion will analyze the objectives of stumpage appraisal as stated in the 
Forest Service Manual (34) and determine whether the appraisal accom­
plishes its specified objectives. In addition, some concepts relevant 
to the appraisal objective will be defined. 
The Appraisal--'What It*s Supposed To Be Vs. What It Is 
In 1962, the Secretary of Agriculture directed the Forest Service 
to establish a committee to investigate and report upon the appraisal 
procedures employed by the U.S. Forest Service in its timber sale pro­
gram. As a result, the Timber Appraisal Review Committee was estab­
lished by the Forest Service. Albert C. Worrell, Professor of Forest 
Economics at Yale University, was named Chairman and the subsequent 
report of the Committee has been tabbed the "Worrell Report The 
Committee members were given free rein in their investigation, being 
restricted only from the inspection of confidential cost and selling 
price data which the buyers of National Forest timber sales had supplied 
*The official title of the report is "A General Review of U.S. 
Forest Service Appraisal Policies and Procedures(27) Other members 
of the Committee were A. N. Lockwood, independent real estate broker 
and appraiser of Newton, New Jersey, and M. J. Lauridsen, valuation 
engineer for the Internal Revenue Service, Portland, Oregon. 
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to the Forest Service.* They carefully studied all written material 
about timber appraisals; they interviewed timber buyers and those 
responsible for selling National Forest timber. 
In attempting to determine the objective of Forest Service timber 
appraisal, the Committee ran into confusion. The Forest Service Manual 
(34, Sec. 2413.12) states that the appraised value of a timber sale is: 
"...the market value...the price acceptable to willing buyer and seller, 
both with knowledge of the relevant facts and not under compulsion to 
deal. This price is sometimes called fair market value...." The same 
section of the Manual goes on to say: "...appraised value (market value) 
...is based to a large extent upon the costs and returns applicable to 
representative forest-product operations of average efficiency.,.." In 
section 2423.13, the Manual continues: 
"The analytical appraisal, therefore, should produce appraised 
market-value prices for stumpage which: 
1. Are based on long-term profit considerations [of the 
purchasers of National Forest timber]. 
2. Are sensitive to lumber market changes. 
3. Are appropriate for the average efficient purchaser. 
4. Are responsive to the actual prices being paid for 
stumpage thus giving the United States a fair return for its 
stumpage. 
*The timber sale contract requires that the books of purchasers of 
National Forest timber are available to the Forest Service for abstrac­
tion of costs and selling value data for use in timber appraisals. This 
appears in Section 12f of Contract Form 2400-2 and Section B6.9 of 
Contract Form 2400-5. (29, Sections 2432.29a and 2456-9) 
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5. Reflect all conditions of sale under which National 
Forest timber sales are made 
Section 2430.7 of the Manual provides that: "Regional Foresters 
will establish minimum [stumpage] rates by species and classes of 
material. These minimum rates will be the lowest rates at which timber 
will be sold...even though standard appraisal calculations indicate 
lower figures 
Finally, the appraised value is the price below which the Forest 
Service will not sell the timber (see p. 3). 
In summary, according to the Forest Service Manual, the appraised 
stumpage value is: 
1. An estimate of fair market value. 
2. The price acceptable to willing buyer and seller, each with 
knowledge of the relevant facts, and neither under compulsion to deal. 
3. Based on the costs and returns of an average efficiency forest 
product operation and takes into account the long-run profit considera­
tions of the firm. 
4. Sensitive to lumber market changes. 
5. Responsive to the actual prices being paid for stumpage. 
6. Subject to arbitrarily established minimimi stumpage rates. 
7. The price below which the Forest Service will not sell the 
timber. 
The Worrell Report concludes that the definition of appraised value 
is "clouded with qualifications and tends to lose real meaning." Con­
flicts of appraisal objective are evident from the above list of what the 
appraisal is supposed to be. For example, the fact that the appraisal is 
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a minimum price below which the timber won't be sold must presume that 
the appraisal is acceptable to a potential buyer. Otherwise, the second 
objective—a mutually acceptable price between buyer and seller—is 
violated. The simultaneous satisfaction of these two objectives is, in 
fact, unlikely. The mutually acceptable price suggests bilateral bar­
gaining between the Forest Service and the potential buyer. This could 
be looked upon as a 2-person game between the buyer and the seller. If 
this game does indeed exist, the Forest Service (Player I) and the 
timber buyer (Player II) have a payoff matrix M, where the rows are 
Player I*s strategies and the columns are Player II*s strategies. A 
3x3 example is shown in Figure 2. 
PLAYER II 
1^ 2^ 4 
®1 
"^ 11 
CM 3^ 
R m m m 
2 21 22 23 
s m m m 
3 31 32 33 
Figure 2. Payoff matrix for 2-player game. 
The Sj^  are Player I's strategies and the tj are Player II*s strate­
gies. In a finite game with payoffs m(ijj), the objective of Player I 
is to choose, among his strategies, the one which will maximize his mini­
mum payoff, i.e., he wishes to determine the following: 
1. for each s. , min m(i,j) , and then 
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2. max min m(i,j) = min m(iojj) 
H tj tj 
Player II computes: 
1, for each tz, max m(ij) and then 
^ H 
2. min max m(ij) = max m(ijjQ) 
tj Si Si 
Player II*s objective is to choose, among his strategies, the one 
which will minimize Player I's maximum payoff. This game is "zero-sum" 
in that Player I's payoff is the amount Player II gives up, i.e., 
m(ij)j- = - m(i,j)j.j 
If a zero-sum, finite game such as this exists and it is assumed that 
each player knows the payoffs in M, Player I (the Forest Service) 
would choose his max-min strategy, min m(iQ,j) and Player II (the tim­
ber buyer) would choose his min-max strategy, mx m(i,jg) and if a 
saddle point exists, the following would obtain: 
min m(io,j) ^  m(io,jo) ^  max m(i, j^ ) 
tj Si 
where m(io,jo) is the saddle point payoff.# The saddle point can be 
defined as the price acceptable to willing buyer and seller, each with 
h^e background for this discussion came from the lectures of 
Professor Herbert T. David in Operations Research, at Iowa State Uni­
versity. A rigorous presentation of the theory of games is found in 
Von Neumann and Morgenstern (39). 
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knowledge of relevant facts, and neither under compulsion to deal 
(see p. 24). 
It is obvious that the Forest Service timber sale "game" is not the 
same as that discussed. The actual situation can be portrayed as 
follows: The Forest Service, by setting the appraised value as a mini­
mum below which no sale will take place, is the first player. The 
appraisal is the Forest Service strategy choice based on an objective of 
maximizing the minimum acceptable price of the timber.* The game for 
Player II (the timber buyer), however, is degenerate. Once the appraised 
value is advertised, the game with the Forest Service** is over for the 
buyer--he pays the appraised price (or more) or he doesn't get the sale. 
The payoff matrix is n x 1 as shown in Figure 3, where n = 3. 
Figure 3. Payoff matrix for 2-player game with Player II^ s game 
degenerate. 
*This objective is, of course, tightly constrained by the average 
efficiency operator concept, and the necessary assumptions of end-
product use. 
**If there are several bidders for the sale, a potential buyer then 
enters a game with the other bidders. 
m 11 
"21 
™31 
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It can be argued that, because the buyer submits a bid at the 
appraised value, he is a "willing" buyer at that price. Actually, in 
many cases, the buyer may have no choice in the matter. If he needs 
timber and the National Forest is the only source, he must pay at least 
the appraised value. The large proportion of National Forest holdings 
in some areas puts many buyers in this position. An example of this 
came up in the testimony of a Congressional hearing on timber sale prac­
tices (30) when the Forest Service pointed out, in justifying the 
appraisal on a tract of timber, that the appraisal was $30 per thousand 
board feet and the buyer had bid $30.10 per thousand board feet. The 
implication was that the ten cent overbid justified the appraisal. 
Congressman Clair Engle of California questioned this logic: "That is 
no indication your price [appraised value] is fair. The fellows [the 
buyers] are trying to salvage an investment and keep men at work. As a 
consequence they are going into desperation bidding...." In this case, 
although the appraisal may have been perfectly valid, it can't be said 
that the buyer was not under compulsion to deal. Even if the value of 
the timber, exclusive of profit, to the buyer is less than the appraised 
value, he may bid away his profit because of his need for raw material 
to keep his mill operating in the short-run. 
This discussion is not a criticism of how timber is appraised by 
the Forest Service but, rather, of what the Forest Service says the 
appraised value is. The appraisal is made as if the buyer is an operator 
of average efficiency and as if he behaves in some assumed manner. This 
appraisal may turn out to be the price at which a willing buyer and 
seller would arrive, but it is not necessarily that price. 
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This argument also extends to the concept that the appraisal is the 
fair market value of the timber. As put by Weintraub (40, p. 23)i 
"What is fair to one must, whenever there is a difference of opin­
ion, be unfair to the other. The buyer intent on paying a low 
price will regard almost anything above zero as unfair, while the 
seller will regard anything less than an infinite sum as unfair. 
While these extremes are widely drawn for illustrative purpose, 
they do indicate that so long as the purposes of buyer and seller 
differ, then judgments of the fairness of the price are bound to 
differ." 
Another aspect of the discussion of market value is the actual 
selling price, i.e., the price paid by the high bidder for a timber sale. 
Some contend that this price is the fair market value of the timber and 
that the objective of the appraisal should be to approximate the bid 
price of a sale. Mead (16) calls the bid price "the competitive price" 
and states that the appraisal objective should be to establish the 
competitive price. Weintraub (40, p. 22) states that the purpose of 
prices and appraisals is to shut out some bidders. Mead's proposal would 
extend this to say that the appraisal should shut out all bidders except 
the high bidder. The latter policy would be detrimental to a large seg­
ment of the wood-using industries. Only super-efficient integrated 
operations would be likely to survive in the long-run. It becomes a wel­
fare question of whether net social benefits are greater under a policy 
of stumpage appraisals pursuing bids or under the present policy of 
appraisals to an average operator. It should be pointed out that 
appraisals made to approximate high bids could, in the long-run, elimi­
nate incentive for innovation in the wood-using industries. The high 
appraisals would essentially act as a tax on efficiency thereby lessening 
the desire of firms to become more efficient. 
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The appraisal of today from the standpoint of vhat it 1^ , rather 
than what it ought to be, is: 
1. The price below which the Forest Service will not sell the tim­
ber . 
2. Based on costs and returns of an average efficiency operation 
and takes into account the long-run profit considerations of the firm. 
3. Sensitive to lumber market changes. 
4. Subject to arbitrarily established minimum stumpage rates. 
It should be noted that, with the exception of the arbitrarily es­
tablished minimum stumpage rates, all the Forest Service appraisal objec­
tives could theoretically be met at all times, but only under perfect 
competition. In a perfectly competitive situation, the Forest Service 
would appraise to the firm that actually buys the timber. The appraisal 
would take into account all the firm's limitations, expectations and 
objectives. It is tautological that the appraised price would also be 
the price decided upon by a willing buyer and seller under no compulsion 
to deal since both the Forest Service and the buyer would possess perfect 
knowledge. Also, since an assumption of perfect competition is that no 
single buyer can influence price, the appraisal would be the "market 
value" of the timber. It would meet all the criteria of what the Forest 
Service says the appraisal ought to be. Unfortunately, this perfectly 
competitive market does not exist. 
The Average Efficiency Firm 
The concept of average efficiency is not well-defined in the Forest 
Service Manual although it is an important appraisal concept. The Manual 
(34, Sec. 2423.24) states: "All costs and selling values in timber 
appraisals should be those applicable to an operator of average effi­
ciency in a particular area and for the class of operation for which the 
sale offering is suitable." In Section 2453.52, the Manual states! 
"The primary manufacturing phase of lumber production, pond 
through sawmill to lumber dry in the yard, is subject to stand­
ardization and thus indicated differences in cost may be primarily 
due to management efficiency or plant age and efficiency. This is 
also true of plywood plants. For the same size operation, an 
average of a representative sample of costs will produce an average 
cost usable with average selling values." 
In addition, the specifications for most other appraisal variables are 
that they be applicable to the firm of average efficiency. 
The foregoing suggests that the Forest Service average efficiency 
firm is an hypothetical firm which uses specified inputs to produce 
specified outputs and does so at the average cost that the industry ex­
perienced in the past for the same input-output relationship. To say 
that this firm has an average efficiency is misleading in the economic 
sense of efficiency. Economic efficiency (Pareto optimality) within a 
firm is defined as of the allocation of resources such that no re­
allocation can be made without diminishing the output level of at least 
one product. There is no measure of how well firms perform in their 
factor-product relationships, but only what it has cost them to do what­
ever it is that they did. The Forest Service is in the position of 
accepting the industry as it is, economically efficient or not, and find­
ing out what it costs, on the average, to transform National Forest 
timber into lumber, veneer, etc. Then the Forest Service assumes these 
costs are applicable for a period until a new study of costs is made. 
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Periodic studies of costs do indicate the trend of the industry's 
technical efficiency. For example, if it costs less today to convert 
1,000 board feet of No. 2 sawmill logs into lumber than it did ten years 
ago, it can be said the industry is becoming more efficient. This would 
probably be due to technological change, i.e., increasing technical 
efficiency. The increased technical efficiency does not necessarily 
mean that economic efficiency has been changed. There is no way of 
knowing from the cost data if firms are improving their overall factor-
product relationships from the standpoint of more efficient utilization 
of resources. 
The average efficiency operation is, therefore, defined on the 
basis of what is produced and the average cost of producing it. If a 
particular area had only lumber mills, only the average costs of manu­
facturing lumber would be of interest. If lumber and veneer plants ex­
isted, then an average efficiency lumber mill and an average efficiency 
veneer mill would have to be defined. If integrated operations exist in 
an area or if there is interaction between lumber mills, veneer mills, 
pulp mills, etc., the average efficiency operation would be the one 
exhibiting average behavior with regard to the interaction of processes. 
The average behavior would be defined in terms of the expected costs and 
returns a given log would have in the market. 
Market Changes and the Appraisal 
According to the Forest Service Manual, the appraisal should be 
sensitive to lumber price changes. This is attempted under present pro­
cedures . Each appraisal carries with it a base index reflecting the 
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relative level of lumber prices. Sales in the Douglas-fir subregion use 
a base index which reflects both lumber and plywood prices.* The base 
index is the index of the most current calendar year and is adjusted 
quarterly for the duration of the timber sale.** The original selling 
price of the stumpage is linked to the base index on a per unit basis. 
The stumpage selling price is then adjusted quarterly and the amount paid 
for the stumpage fluctuates with the quarterly lumber and plywood price 
indexes,*** 
The accuracy of an index which takes into account both lumber and 
plywood price changes depends on the distribution of logs in a sale. The 
Forest Service uses a weighting scheme where the plywood index is 
weighted by the percent of "peeler" grade logs and the lumber index is 
weighted by the percent of "sawmill" grade logs in the sale. By doing 
this, the Forest Service assumes that "peeler" grade logs will be used 
for plywood manufacture and "sawmill" grade logs will be used for lumber 
manufacture. As mentioned previously, empirical evidence seems to dispute 
•*The Douglas-fir Region Monthly Index (DFBMI) reflects levels of 
plywood prices as determined by the Bureau of Labor Statistics softwood 
plywood indexes (31), It reflects lumber prices as determined by the 
Douglas-fir-Larch indexes of the Western Wood Products Association. 
The details of this index can be found in the Region 6 Timber Appraisal 
Handbook Supplement to the Forest Service Manual (34). 
**It requires an average of 2 to 3 years to harvest a timber sale 
in the Douglas-fir subregion. 
***National Forest timber is paid for on a scale basis, i.e., the 
timber is cut and passes through a scaling station on the way to the 
mill. The purchaser is charged on the basis of the scaled volume and 
the selling price is adjusted to the most recent quarter. 
35 
this assumption, but with the scant market information now available to 
the timber appraiser he is hard pressed to change the assumption. 
One of the objectives of the case study to be presented in the 
remainder of this paper is to see how end-product price changes affect 
stumpage values under several assumptions of end-product use of Douglas-
fir logs. The main point of the investigation is to determine whether, 
over a period of time, relative end-product price changes for Douglas-
fir lumber and plywood items have a significant effect on the highest 
value use of logs. That is, have relative movements in plywood prices 
and lumber prices been such that some logs have been more valuable for 
lumber manufacturing at one time but more valuable for veneer at another 
time? This type of information will be the basis for deciding how 
critical the appraiser's assumption of end-product use is with regard 
to the appraised value of a timber sale. It can also serve as the basis 
for choosing end-product uses under certain market conditions as well as 
adjusting the timber selling prices to market changes. 
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THE TIMBER APPRAISAL MODEL 
Previous sections of this paper have dealt with the general method 
of Forest Service timber appraisal—the residual value approach, the 
market environment in which the appraiser operates and the objective of 
the appraisal. This section will bring these concepts together in a 
model for timber appraisal. This is essentially an analysis of the 
Forest Service appraisal system and the adaptation of the system to a 
high speed computer. The explanation of the model as it has been pro­
grammed for the computer will proceed with a discussion of: 
1. The end-product production possibilities 
2. The appraisal variables 
3. The calculation of log values 
4. The calculation of sale value 
The End-Product Production Possibilities 
Prior to World War II, there was only one major production possi­
bility for Douglas-fir logs—lumber. All one needed to make an appraisal 
by the residual value approach was the average value of lumber, the manu­
facturing costs and profit of the lumber industry. Today, the increasing 
importance of other wood products and the integration of production 
possibilities in the wood-using firms complicate the matter. Lumber, 
veneer and pulp are major end-product possibilities for the many sizes 
and grades of Douglas-fir logs. 
Consider the following market situation: A tract of timber is to 
be sold and in the vicinity of the sale there are three production 
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possibilities, and P3 .* Figure 4 shows the possible movements of 
timber in this market. 
Sale 
site 
Figure 4. Possible movements of timber in a market with three produc­
tion possibilities. 
There will always be one or more moves in the market. The initial 
move is from the sale site to the mill site of the successful bidder. 
The possibilities for him are; 
1. Use the entire sale himself (one option). 
*It Is assumed that a production possibility is one major end-
product such as lumber, veneer or pulp. An integrated operation is thus 
not a production possibility, but rather a combination of them. 
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2. Sell a portion of the sale to one of the other two production 
possibilities (2 options). 
3. Sell a portion of the sale to both of the other production 
possibilities (one option). 
Thus, for n = 3, there are four options for the successful bidder. 
Since each of the production possibilities represents the potentially 
successful bidder, there are four options open to each bidder and the 
appraiser must therefore consider 12 possible sale values. 
In the general case with n production possibilities, the number of 
options for the successful bidder is the sum of the possible combinations 
of uses for the timber. That is, the successful bidder has the option of 
using all the timber himself or reselling all or some portion of it to 
one or a combination of the n-1 other production possibilities. The 
number of options available to the successful bidder in the general case 
is: 
n-1 
rSo 
where is the combination of n-1 production possibilities taken r at 
a time. The calculation is carried out as follows: 
iC = (n-l)î/(n-l-r)lr'. 
r=o J- i r=o 
= (n-1)'./(n-1-0)10*. + (n-1) î/(n-l-l) Î1'. + (n-1)'./(n-1-2) Î2'. 
+ .... + (n-l)î/(n-l-n+2) l(n-2)'. + (n-1)'./(n-l-n+1) Î (n-1) 
When r = 0, the solution yields the number of ways the successful bidder 
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can use the timber without reselling any of it. The solution is: 
(n-1)'./(n-1) Î0'. = 1 
where 0Î >= 1 by specification. Similarly, when r = n-1, the solution 
yields the number of ways the successful bidder can resell some timber to 
all remaining n-1 production possibilities. The solution is: 
(n-l)î/(n-l-n+l)i(n-l)î = (n-1)'./O'. (n-1)= 1 
For all other values of r, the solution yields the number of ways the 
successful bidder can resell some timber to r of the other production 
possibilities. In the example, where n = 3 we have the following: 
n-1 2 
Z n-i&r = 2 nCr = 2Î/2Î0'. + 2!/l*.ll + 2'./0l2Î 
r=o-  ^ r=o ^  r 
= 1 + 2 + 1 = 4 
As before, there are 4 ways the successful bidder can use the timber. 
The solution of the number of ways for the successful bidder to use 
the timber can be simplified by noting that the combination calculations 
are the coefficients of the binomial expansion. It is known that the sum 
of the binomial coefficients of an expansion of (p+q)"^  always equals 2*^ , 
for n greater than zero. That is: 
S n!/(n-r)'.r'. = 2*, n > 0 
r=o 
It follows, therefore, that: 
(n-l)'./(n-l-r)'.r'. = 2*"!, n> 1 
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Again, for the example of n = 3; 
(n-1) V(n.-l-r) Irî = 2"^ ! = 2% = 4 
r=o 
In general, there are 2^ "^  ways for the successful bidder to use 
the timber in a market of n-1 production possibilities besides his own. 
Assuming all production possibilities represent potential bidders, an 
appraiser has the possibility of coming up with nZ^ "^  end-product use 
assumptions and their associated sale values. Table 1 shows the possi­
bilities where Ay^  is the appraised stumpage value of a sale for the 
successful bidder, b, and the combination of uses, u. 
It should be noted that the designation of the successful bidder is 
important because of his location in the market with respect to other 
production possibilities. It is assumed that the successful bidder will 
move all the logs from the sale site to his own mill yard. Any reselling 
of logs will be done at the mill. In determining whether it's economic 
to resell some logs, the net value of resold logs must be greater than 
if they had been used in the production possibility of the successful 
bidder. This means that the extra handling and transport costs incurred 
in reselling logs must exceed the difference in log values between the 
successful bidder's production possibility and another. This will be 
discussed further when the calculation of log values is discussed. 
Recall that the general equation for stumpage value appraisal is: 
S = Z - C - M 
where S = appraised stumpage value 
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Z = end-product selling price 
C = all costs from the stump through the manufacture of end-
products 
M = allowance for profit and risk 
Table 1. Appraised value possibilities under all possible 
end-product assumptions in a market with n 
production possibilities 
1^ Ur 
Ultimate user combination 
u 
n-1 n n+l "gn-l 
<u 
•H 
a 
m 
ta 01 O 
3 
03 
bl 
n^-1 
b„ 
1^1 1^2 
'21 
A hi 
I^n 1,2%-! 
A 
n,2 n-1 
Let Q be the profit ratio of the firm having the production possi­
bility assumed in the appraisal. The profit ratio is defined as the 
ratio of the allowance for profit and risk to all costs, including the 
stumpage value. That is: 
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Q = M/(C + S) 
From above: 
M = Z - C - S 
Then: 
Q = (Z - C - S)/(C + S) 
QC + QS + S ~ Z — C 
S(1 + Q) = Z - 0(1 + Q) 
S = Z/(l + Q) - G 
It is seen that if Q and C are considered short-run constants, then 
appraised stumpage value is a linear function of the end-product selling 
value: 
S = Of + pZ 
where a - -C 
0 = 1/(1 + Q) 
Let p = production possibility, where p = 1, 2, .n, and the 
stumpage appraisal equation becomes: 
= Zp/(i - %) - S 
The appraised value for the p^  ^production possibility can be determined 
if values are known for Zp, Qp and Gp. 
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The calculation of ^  
The end product selling value attributable to a given log when it is 
used in the p*-^  production possibility depends on two factors: 
1. The selling price of each grade of end-products manufactured 
from the log. 
2. The recovery, by product grade, of end-products from the log. 
The variables are defined as follows: 
q.pj = selling price, in dollars per thousand units of the grade 
of the end-product of production possibility p. 
r^ j^  = recovery, in thousand units, of the grade of the end-
product from production possibility p, based on an input of 
1,000 board feet, log scale, for log of log grade k, diameter 
class i.* 
For a given sale, the calculation of Zp is as follows for each 
species: 
The calculation of Cp 
The costs from the stump through end-product manufacture for the pCb 
production possibility are broken down as follows; 
D^iameter class refers to the grouping of log diameters such as 
1-inch diameter class, 3-inch diameter class, etc. An example of a 3-inch 
diameter class is the 31-inch class which contains logs from 29.50 
inches through 32.49 inches. 
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1. Logging costs, including rigging, felling, bucking, yarding and 
loading. 
2. Transport costs from the sale site to the mill pond. 
3. Manufacturing costs from mill pond through finished end product, 
f.o.b. mill. 
The variables are defined as follows: 
= manufacturing costs of production possibility p, based on 
input of 1,000 board feet, log scale, for logs of log grade k, 
diameter class i. 
tp£ = log transport costs per thousand board feet, log scale, from 
the sale site to production possibility p, for logs of log 
grade k, diameter class i. 
\ 
e^  = other costs,* e.g., felling and bucking, yarding and loading, 
per thousand board feet, log scale, for logs of log grade k, 
diameter class i. 
For a given sale, the calculation of Cp is as follows for each 
species: 
°p •= 1Ï ("pi + 'pi + 
In practice, the manufacturing costs and "other" costs are industry 
averages and the tK are unique for each sale location. The tp£ differ 
*"Other costs" are assumed applicable to all production possibili­
ties, i.e., they are constant over all p. 
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by type of road, distance from sale site to mill, etc. Therefore, for 
the purposes of the calculations which follow, it is helpful to define 
the following; 
% -1 Î  ^ 1  +  4 )  
Since Cp is the constant in the relationship S = a + 3Z, the tpi can be 
added at any stage of the calculation of S. 
There is another group of costs which are necessary to account for 
the interaction between production possibilities. These are: 
1. The handling costs incurred when logs are resold, e.g., log 
sorting and reloading. 
2. The log transport costs incurred when transporting resold logs 
from the mill site of the successful bidder to the mill site of another 
production possibility. 
The variables are defined as follows: 
g^  = log handling costs per thousand board feet, log scale, for 
reselling logs of grade k, diameter class i. 
^^ p-»h)i ~ transport costs per thousand board feet, log scale, 
from the mill site of each production possibility, p, to 
the mill site of the h^  ^production possibility, where 
1 ^  h ^  n-1, for logs of log grade k, diameter class i. 
For example, if n = 3 it would be necessary to know t^ . t^  
(W)i' (U3)i, 
t^  . The following is assumed for all p and h, where 1 ^  p ^  n and 
1 ^  h ^  n-1: 
{•k — j-k 
(p4h)i (b^ p)i 
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That is, the cost of transporting one thousand board feet of logs having 
grade k, diameter class i from mill A to mill B equals the cost of trans­
porting the same logs from mill B to mill A. 
Finally, the calculation of the appraised value of a sale requires a 
sale inventory within each species. 
The inventory variable is defined as follows: 
= sale log inventory in thousand board feet, log scale of logs 
having log grade k, diameter class i. 
The Calculation of Log Values 
Once the values of the variables are read in for all production 
possibilities, species, log grades and diameter classes, the next step 
in the model is the calculation and storage of log values. 
For the general case in a given forest type, all commercial species 
would be accounted for by log grade and the range of log diameter classes 
within each grade. The model is designed to calculate log values within 
the range applicable to a given species and then iterate the computation 
over all remaining species. For example, assume that the necessary data 
have been read in and the following has been calculated for each speciest 
p^i' (^ pi Qp all p, i, k 
Then the stumpage value, per thousand board feet, log scale, of logs hav­
ing log grade k, diameter class i and used in production possibility p is: 
s\ = 2%./(I + Q ) - 0% 
pi pi p pi 
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As mentioned before, there will be some stages in appraising the 
sale value where stumpage value of logs will be needed exclusive of 
specific sale information. Therefore transport costs would not be in­
cluded and the following is defined: 
Spi = + %) - Cpl 
where it is recalled that: 
- ii -
Once all are determined it is possible to find the production 
possibility for which a log has highest stumpage value, exclusive of 
transport costs. This is determined as follows: 
= max(S^  ) 
i p pi 
will be needed to determine which logs will be most valuable in the 
production possibility of the successful bidder and will also identify 
those logs having potentially higher value elsewhere. 
The Calculation of Sale Value 
At this point, the log values Sp^  are known. If the transport costs 
between the sale site and the production possibilities, t^ j^ , and the sale 
inventory, are known for all p, i, and k, it is possible to calculate 
some of the sale values of Table 1. These are the values based on the 
assumption that all the timber in the sale will be used in the production 
possibility of the successful bidder; none will be resold. Table 2 shows 
the segment of Table 1 which is covered by this assumption. The 
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appropriate appraised values are those on the diagonal, i.e., the 
where b = u. 
Table 2. Appraised sale values under the assumption 
that successful bidder uses all the timber 
in his production possibility 
0) 
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The first step in the calculation of the Ay^  is to adjust the log 
values for transport costs from the sale site to the production possi­
bilities; 
S^ , = s\ - t\ for all p, k, i 
pi pi pi 
Then for b = u; 
V = 1 5 Spi ^  1 ^  b,u ^  n 
The calculation of A^ ,^ b^ u will be based on the following assump­
tions: 
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The successful bidder has perfect knowledge of the market. He 
knows the S^ , t^  ^and for all p, k, and i. That is, he 
knows the stumpage values of all logs to all production possibilities and 
has the information necessary to evaluate interaction between production 
possibilities. 
2. The successful bidder will cut all the timber in the sale, con­
vert it to logs and transport all the logs to his mill site. He will 
either use all the logs in his production possibility or resell some of 
them. He will not resell any logs unless doing so will make him better 
off. That is, he will consider the resale of specific logs only to a 
production possibility in which they have a higher net stumpage value. 
The net stumpage value takes into account the costs already incurred by 
the successful bidder in transporting the logs to his mill as well as 
additional costs to be incurred in. reselling logs. 
It should be emphasized at this point that the objective is to get 
the appraised value of the timber in the sale and these assumptions are 
made by the appraiser to see what the appraised value would be if the 
successful bidder acted in the assumed way. The appraiser, at this 
point, does not know v^ o will get the sale nor what proportion of the 
sale volume will be used by the successful bidder. He does know the 
appraised stumpage value of all logs in all uses. It remains for him to 
find a map of the sale values that are feasible under the physical limi­
tations of the market. From this standpoint, it is reasonable for him 
to appraise the possibility that logs, which he knows have certain rela­
tive values while standing in the woods, will be traded between produc­
tion possibilities when removed from the woods. 
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The allocation of the volume in the sale will now be explained. 
Let: 
V = total volume of the sale 
Then ^  ^ ® V, i.e., the sum of the volume by log grade and diameter 
class equals the total sale volume. 
Now, define as a dummy variable relating to a log of log grade k, 
diameter class i in the p^  ^production possibility. Let p = b and 
is the stumpage value of the successful bidder of a sale. The following 
is specified for 
''pi - °  ^=pi - >^ 1 - =11 PA 
Then, the volume of logs having log grade k, diameter class i which 
are assigned to the p^  ^production possibility on the basis of having 
higher net stumpage value than in b is as follows: 
p^i " 
Here, the comparison is between b and one other production possibility u, 
so it follows that; 
and that: 
S %  ^
By now introducing the transport costs between production 
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possibilities, and the log handling costs, g^ , it is possible to 
calculate another group of the sale values in Table 1. These are the 
where bp^ u and 1 ^  b,u ^  n. The calculation makes use of the b = u, 
which are already calculated. The procedure is best discussed using an 
example: 
Assume Ay^  is to be calculated for b = 1 and u = 3 in the previous 
example of a market where n = 3. This means that production possibility 
1, is the successful bidder and will resell logs having higher stump-
age value in production possibility 3, Pg, to that mill. A^  ^has already 
been calculated, i.e., we know what the sale is worth if production 
possibility 1 uses all the timber. The stumpage value of logs having log 
grade k, diameter class i in P3 is now: 
(^U3)i " ®3i ' ^li " ^ (U3)i 
This reflects the new routing of logs through P^  as shown in Figure 5. 
The dotted line is the transport route to P3 if P3 had been the success­
ful bidder; the solid line is the route logs take if it is assumed Pj is 
the successful bidder and resells some logs to Pg.* 
*Figure 5 shows a situation where if Pi is going to resell logs to 
P3 it appears to be more economic to sort logs at the sale site and 
transport them directly to P3. On most sales this is a physical impossi­
bility because landings are small and congested. There is neither the 
time nor space at the landing to sort logs. Therefore, the assumption 
that logs are sorted at the successful bidder's mill yard is realistic. 
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Sale 
site 
Figure 5. Comparison of transport routes to production possibility 3. 
Thus, A^ 2 is calculated as follows: 
1^3 '^ ll •*" I f [^ 3i(^ 3i • ^li " ^ (U3)i " ^ li^  " ^ i ^ 5 
It is assumed that the total inventory of logs, V, will have to be sorted 
at ss shown by the last term in the equation. 
In general form, this equation becomes: 
Abu ' Abb + % S CC <s5l - - 'Wu)l - Sbl) - 4 4] 
for b^ u and 1 ^  b,u ^  n. With this formula, all appraisals in the range 
of Table 2 can be calculated. To this point, it is possible to have 
calculated n^  appraisals. However, all n2 appraisals are not always 
necessary. If, for example, Vpj_ = 0 for all k,i in some p = u, the 
calculation of b^ u would not be made because the successful bidder 
will not consider reselling any logs to production possibility u unless: 
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" ^ bi " *^ (b^ u)i > ^ bi some k, i 
The remaining n2^ "l - n^  possible appraisals can be made with a 
modified version of the above formula. Here the u represents a combina­
tion of production possibilities. These are shown in Table 1 as u^ ^^ ; 
"n+2' ••••' u^ n-l' Again, some appraised value calculations can be 
avoided in cases where Vpj^  = 0 for all k, i in some p. Every production 
possibility combination which contains that p is then eliminated. For 
example, consider again ?£ and P3. If is assumed to be the 
successful bidder and it is determined that some > 0, but all = 0 
then only and A]_2 would have to be calculated. would not be de­
fined under the assumptions of the model since P^  cannot make himself 
better off by selling any logs to P^ . 
For the combinations of uses which apply to a successful bidder b 
under the specified criteria, the following appraisals are calculated: 
[^ ui ^ u^i " ^ bi • *:(b_»u)i " ^ bi^  " Si 
where: b^ u 
1 < b ^  n 
n + 1 ^  u ^  2°"^  
Assuming the appraiser is interested in the highest sale value 
attainable under the constraints of the appraisal procedure and the 
characteristics of the market, he can calculate all possible A^ ^^  for 
1 b n and 1 ^  u ^  2"^  ^and determine the maximum A^ .^ If, however, 
he has no specific need for all possible appraisals, he can proceed to 
the highest sale value more directly. The following is specified: 
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1. Eliminate from eligibility as successful bidder all production 
possibilities for which there is no Sp^  = . That is, unless there is 
at least one log which has its highest initially calculated log value in 
production possibility p, that production possibility is not a candidate 
for successful bidder under the highest sale value cr:'t-erion. 
2. For each production possibility which does represent a poten­
tial successful bidder, specify the following, where is a dummy 
variable and b is the designation of successful bidder as before: 
a. If = 0 for all p^  
b' If Sgi a . 0 for all 
c. If , determine: 
^Lu)i ° T (iwp)i) 
^^ P)i ' (^b-»u)i ' ^pi " ^ 
" =(b.p)l ^  :Lu)i ' %P1 - 0 
3. Calculate: 
= I^  x\ for all p, k, i. 
pi 1 pi 
4. Calculate: 
V = \b ? Ï p# (=pi - Si - - 'M> - < 
for all eligible p, where 1 b ^  n and 1 u ^  is the highest 
sale appraisal under the assumption that b was the successful bidder. 
5. Finally, the highest sale appraisal over all possible successful 
bidders and their possible strategies is: 
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ÂboUo ° T 
where bp is the assumed successful bidder and u^  is the optimizing 
strategy of b^  with regard to reselling logs. 
The appraiser might also be interested in the lowest sale appraisal 
under the assumptions of the model. Recall that it is assumed the 
successful bidder will not resell logs unless he can make himself better 
off by doing so. Also, he does not have to resell any logs, even if it 
would make him better off. By the first assumption, the successful 
bidder will never be worse off than if he uses all the logs himself. By 
the second assumption, it is a valid strategy for him to use all the logs 
himself. Therefore, the minimum sale appraisal is: 
min (Abu) 
where b = u. That is, the minimum appraisal is among the first n 
appraisals calculated as shown on the diagonal of Table 2. 
Summary of the Model 
This section has discussed the appraisal model for a market with n 
production possibilities. There are n2'^ "^  possible sale appraisals. The 
model is set up to first calculate log values in each production possi­
bility and then sale values for any assumed combination of log uses. 
Methods for directly calculating the maximum and minimum appraised sale 
values were shown. The maximum and minimum are constrained by the 
appraisal procedures and the number and location of production possibili­
ties in the market. 
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Some additional points should be made about the applicability of the 
appraisal model to any market situation. 
It should be stressed that the maximum sale value is not the 
optimum optimorum sale value. It is the maximum under the assumption 
that all firms have the average costs of their industry. Since the 
appraisal is to the firm having average costs, there must be firms which 
have below average costs and for whom higher derived stumpage values 
could be calculated. The point of this is that all the n2°~^  possible 
appraisals which were discussed are in keeping with the Forest Service's 
"average efficiency operator" concept and are legitimate appraisals 
under existing regulations. 
The appraisal model will work for a market in which there are inte­
grated firms. It looks at the integrated firm as separate production 
possibilities having the = 0. 
Finally, what should the final appraised sale value be? How could 
this model be useful to a real-life appraiser? The final appraisal is 
determined by administrative policy. The General Accounting Office 
might want the use of the maximum sale value; industry might campaign 
for the minimum sale value. Presently, the policy is to appraise 
"peeler" grade logs to veneer and "sawmill" grade logs to lumber with­
out knowing whether this appraisal is anywhere near maximum or mini­
mum. 'Whatever the policy is on choosing the final appraisal, one thing 
is certain; The final appraisal will be one or a combination of several 
of the n2^ "^  appraisals in the model. 
The model is useful to the appraiser as a framework for market 
analysis. Starting from an initial state of market behavior, i.e., 
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current knowledge of how timber moves in the market, the appraiser can 
"sample" the program to determine what would constitute a significant 
change in one of the appraisal variables- He can run the program for 
several combinations of sale inventory and for a variety of end-product 
prices, costs, and profit ratios to determine the relative effects on 
the stunçage prices under the possible assumptions of timber movement 
in the market. This will aid in anticipating changes in stumpage values 
on the basis of observed changes in end-product prices or buyer 
strategies. 
The model is also an aid in assessing the effects of proposed 
changes in the appraisal procedure. The appraisal procedure takes 
several hundred pages to explain and it is difficult to determine how a 
change in one aspect of the procedure will affect the overall appraisal. 
By having the appraisal model computerized, modifications can be evalu­
ated quickly. 
A model of this sort should also be useful to a timber buyer. From 
the standpoint of an average operator in one of the production possibili­
ties, the value array yielded by the program for a sale in which he is 
interested would indicate an optimal short-run strategy for him if he 
were the successful bidder. For long-run consideration, an operator 
could program anticipated sets of relative end-product prices for hypo­
thetical sales to see how his strategies might be affected over time. 
The results could be used in deciding whether or not to establish the 
necessary facilities and contacts for reselling logs to maximize the net 
income from purchased stumpage. 
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The remainder of this paper describes the case study of timber 
appraisal under several assumptions of end-product use. The comput­
erized model discussed in this section will be used to make an inter­
temporal analysis of the effect of changing end-product prices on stump-
age values for each of the end-product use assumptions. 
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DOUGLAS-FIR STDMPAGE VALUES, 1950-1964: A CASE STUDY 
The discussion which preceded the development of the timber 
appraisal model suggested that the model is necessary because existing 
appraisal procedures ignore the possibility of several uses for each 
Douglas-fir log. It was intimated that there may be significant differ­
ences in the value of logs in alternative uses and that this possibility 
should be taken into account in making stumpage appraisals. Further­
more, it is likely that the changes in relative end-product prices, 
over time, cause some switching of the highest value use for logs. To 
date, there has been no documentation of the value of Douglas-fir logs 
in alternative uses, 
This case study will show the relative values of Douglas-fir when 
used in the manufacture of lumber and veneer. Its results will indicate 
how important it would have been during the 15 years, 1950-64, to make 
adjustments in appraisals for changes in end-product prices. The 15 
year period is assumed to be sufficiently representative of business 
fluctuations that the study will offer evidence of relationships which 
are important in the changing market for timber. A point in time within 
the study period is taken to be the index of all the economic forces 
which interact to determine the values of lumber and veneer at that 
time. 
The study is heuristic in nature: It will show the historic 
relationships in the market for Douglas-fir stumpage and yield informa­
tion useful to the appraiser in determining important relationships in 
the market. As put by Salter (24): "If carefully selected strategic 
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elements in action and consequences of a historical event correspond to 
those of the current problem, and if that event is analyzed so as to 
show interaction and process in the experience of people, it has testing 
value 
The Case Study Objective 
The objective of this case study is to determine stumpage values 
for a typical timber sale using monthly end-product prices for the 
period 1950 through 1964. The stumpage values will be calculated under 
the following four assumptions of end-product use: 
1. The timber is used for lumber. 
2. The timber is used for veneer. 
3. The timber is used for highest value use: lumber or veneer. 
4. The timber is used such that logs graded as "peeler logs" will 
be peeled for veneer and logs graded as "sawmill logs" will be sawed for 
lumber. 
The monthly stumpage values will first be calculated on the basis 
of a log having specified grade and size being used in each production 
possibility. The highest value of the log will be designated and 
analysis made of how often high value use switched from lumber to 
veneer or vice versa. This will be done for the complete range of log 
grades and diameter classes. 
The monthly log values will then be applied to a timber sale to 
determine the intertemporal effect on the total sale value of the four 
appraisal assumptions. 
There are two aspects to this analysis: 
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1. The comparison, over time, of the sale values within each of 
the four end-product use assumptions. 
2. The analysis, over time, of the differences between the sale 
values calculated under each of the four assumptions. 
As previously mentioned, this is a case study. The objective does 
not include proving that the relationships are valid for the entire 
market for Douglas-fir timber. It will suffice to show, for the case 
situation, that certain relationships existed between stumpage values in 
alternative end-product uses and between stumpage values over time. This 
study illustrates how the timber appraisal model can be used and the 
types of relationships which might exist in the market for stumpage. 
The Case Study Appraisal Model 
The appraisal model for this study is a simplified version of that 
presented earlier. This model considers only two production possibili­
ties: lumber and veneer. It follows, then, that there are two ways for 
the successful bidder to use the timber in a sale; 
1. Use it all himself. 
2. Resell a portion to the other production possibility. 
The model assumes that there are no log transport costs from the 
sale site to the mills nor between mills. That is, it is assumed there 
is an integrated lumber-veneer mill at the sale site and that this mill 
is the only timber buyer in the market. Therefore, the behavior of the 
timber buyer is limited to an allocation of the timber in the sale 
between lumber and veneer. 
The simplifying assumption of two production possibilities at the 
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sale site is made because this study is concerned only with the intrin­
sic value of logs when they are used in a certain way. The only 
variables that are deleted from the generalized appraisal model by this 
assumption are the transport costs from the sale site to each production 
possibility and those between production possibilities, i.e., the 
'pi 
As mentioned, with n = 2 there are 2"^  ^= 2% = 2 ways for the tim­
ber to be used by the successful bidder. In the generalized model there 
are n possible successful bidders so there are n2°"^  possible appraisals. 
In this study model, either a veneer or lumber manufacturer is the 
successful bidder, and thus there are only three possibilities which will 
yield unique appraisals: 
1. TIse all the timber for lumber. 
2. Use all the timber for veneer. 
3• Use a portion of the timber for veneer and a portion for 
lumber. 
Recall that the criterion for one production possibility to resell logs 
to another was that the resold logs must have higher net value in the 
second production possibility. In the study model, where there are no 
transport or re-selling costs incurred, the appraisal which assumes 
lumber is the successful bidder and resells some logs to veneer equals 
the appraisal which assumes veneer is the successful bidder and resells 
some logs to lumber. That is: 
V = V 
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where, as before, the first subscript is the successful bidder and the 
second is the production possibility to which logs are resold; V = 
veneer; L = lumber. This can be proved as follows by referring to the 
generalized appraisal model: 
1. Since there are no log transport costs (see page 52): 
 ^k k k ^  k k 
\v ~ \L 5 ? ^\i (^ Vi " ^Li^  " ^ i ^ i^  
\L ~ -^ W  ^f %i - S^ i) - gi li] 
2. It is known that (see page 48)% 
•" 5 Î snd 
V = i ? 
Therefore: 
\v - i Ç dl - 4i) + ^ Vi4i - SÏ 4] and 
%, = i Î C4l (4 - 7ll) + - gj I^ ] 
3. However (see page 50): 
4. Therefore: 
V = 1 Î «Ï - + ^ vi «i - - 4 
" Ï f <i + - 4 <] 
= -^ VL 
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It follows that (see page 55)j 
that is, an allocation between lumber and veneer is the highest value 
appraisal consistent with the model. This is true because an allocation 
will only be made to the highest value use between the two production 
possibilities. 
To this point, then, there are three appraisal assumptions accounted 
for in the model: 
1. Use all the timber for lumber. 
2. Use all the timber for veneer. 
3. Use each log in its highest value use; lumber or veneer. 
Finally, one additional appraisal assumption will be added to the 
generalized appraisal model: Logs graded as "peeler logs" will be 
peeled for veneer and logs graded as "sawmill logs" will be sawed for 
lumber. This assumption is added to yield a comparison of the results 
of the appraisal model assumptions with that assumption now in use by 
the Forest Service and the BLM. The latter assumption is based on the 
physical appearance of a log and the appraiser's evaluation that be­
cause the log has characteristics considered desirable for veneer 
manufacture, it will be used for veneer. Implicit in this evaluation 
is the idea that a log designated as a "peeler" has more value when 
made into veneer. It is also implicit that logs not graded as "peelers" 
are either technically or economically undesirable for veneer manufacture. 
Thus, it is assumed they will be sawed into lumber. 
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It should be noted that although log grades are used in the 
generalized appraisal model, they have no connotation as to log value or 
log use. They are used only as names for logs having specified charac­
teristics. These log grade names are known to all in the industry and 
are a useful shorthand method of communicating several log characteris­
tics with a single designation. 
The following assumptions are necessary to complete the study model: 
1, All market data apply to average industry experience, i.e., each 
production possibility is assumed to have average unit costs and returns. 
2. The production possibilities are not limited in capacity. The 
owners of all production possibilities want the timber in the sale 
regardless of their log inventories or alternative sources of log supply. 
The first assumption is an explicit one of the real-life appraiser. 
The second is implicit in the appraisal system. The appraiser has a 
fixed amount of timber to appraise. He knows only that there are 
certain production possibilities which might use the timber. He has no 
measure of the intensity of any potential purchaser's demand for the 
sale and the system provides no means of using such knowledge. The 
appraiser can only assume that every production possibility represents 
an equal desire to purchase the timber and that this desire will be 
reflected in the willingness of everyone in the market to pay the 
appraised value, whatever it is. 
The Study Data 
The data for the case study were collected from the Forest Service, 
the Bureau of Land Management (BIM), the American Plywood Association 
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(APA), the Bureau of Labor Statistics (BLS) and various trade price 
reporting services, The details of where the data came from and how 
they were modified to fit the appraisal model appear in the Appendix. 
This section will specify what data were needed and the units of meas­
ure . 
End product recovery coefficients 
Researchers in the Log Grade Project of the Pacific Northwest 
Forest and Range Experiment Station are currently developing lumber and 
veneer recovery data for Douglas-fir. They have selected 11 sampling 
units in Washington, Oregon and California. In each sampling unit, a 
lumber mill and a veneer mill are selected to process a representative 
batch of logs. The characteristics of the logs are carefully recorded 
as are the characteristics of their end-product output. To date, only 
three sampling units have been completed. It is the combined data from 
these three sampling units that are used for this case study. The loca­
tion of the sampling units is shown in Figure 6. > 
The data from the recovery studies are the r^ y^  defined on page 43 
as the recovery in thousand units, of the grade of end-product from 
production possibility p, based on an input of 1,000 board feet log 
scale, for log of log grade k, diameter class i. For this study the 
following are defined for p, k, i, and j: 
1. p = production possibility = 1, 2 
a. lumber 
b. veneer 
2. k = log grade = 1, 2, ...., 7 
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Figure 6. Location of end-product recovery study sampling units. 
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a. No. 1 Peeler 
b. No. 2 Peeler 
c. No. 3 Peeler 
d. Special-Peeler 
e. No. 1 Sawmill 
f. No. 2 Sawmill 
g. No. 3 Sawmill 
3. i = diameter class, i depends on k, i.e., specifications for 
log grades include diameter limits. 
a. No. 1 Peeler % i = 30 inches and up 
b. No. 2 Peeler : i = 30 inches and up 
c. No, 3 Peeler % i = 24 inches and up 
d. Special Peeler; i » 18 inches to 24 inches 
e. No. 1 Sawmill î 1 = 30 inches and up 
f. No. 2 Sawmill : i = 12 inches and up 
g. No. 3 Sawmill : i = 6 inches and up 
4. j = end product grade 
Lumber: j = 1, 2, 14 
a. B and better, select 
b. C select 
c. D select 
d. Selects structural 
e. Construction 
f. Standard 
g. Utility 
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h. Economy 
i. Factory select 
j. No. 1 shop 
k. No. 2 shop 
1. No. 3 shop 
m. Molding 
n. Residue - wood chips for pulp 
Veneer: j = 1, 2, 5 
a. A veneer 
b. B veneer 
c. G veneer 
d. D veneer 
e. Residue - wood chips for pulp 
The units for the r^ j^ are as follows; 
1. For lumberÎ thousand board feet lumber tally of lumber output 
by j, per thousand board feet, net log scale of log input by i and k.* 
This will hereinafter be abbreviated MBM/MBF. 
2. For veneer: thousand square feet, 3/8-inch basis of veneer out­
put by j, per thousand board feet, net log scale of log input by i and k. 
This will hereinafter be abbreviated MSF/MBF, 
By getting recovery data in end-product units per input units the 
*Net log scale is the volume of sound wood after defect has been 
deducted from gross scale. 
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need for considering an overrun factor* is eliminated—overrun is built 
into the recovery data. 
The lengths of logs cut from the trees in a timber sale will vary 
according to tree characteristics and decision rules for log buckers 
formulated on the basis of the anticipated use of a log by the buyer. 
Logs are scaled by two methods: 
1. Short-log scale - all logs over 20-feet in length are scaled as 
two logs. For example, a 34-foot log would be scaled as two 17-foot 
logs. 
2. Long-log scale - all logs 40-feet or less in length are scaled 
as one log; all over 40-feet as two logs. 
Because of the taper of logs and the characteristics of log scaling 
rules, short-log scale usually exceeds long-log scale. Recovery ratios 
will thus depend on whether long or short-log scale is used. Since the 
Forest Service has traditionally used long-log scale in the Douglas-fir 
subregion, the recovery coefficients for long-log scale were used in 
this study. Log lengths do not appear as a variable because it is 
assumed that log buckers in the recovery study sampling units are per­
forming in an average manner and are producing a representative 
"^ Overrun in lumber and recovery ratio in veneer are defined as the 
ratio of output of lumber in board feet, lumber tally and veneer in 
square feet, 3/8-inch basis to input of logs in board feet, log scale, 
respectively. The concept of "overrun" evolved from the attempts of 
forest mensurationists to devise a log scale which would exactly reflect 
the log's content of lumber in board feet. No such log scale has been 
developed and lumber tally board feet will often exceed the log scale 
board feet. The difference is termed overrun, or in the case where log 
scale is greater than lumber tally, it is underrun. 
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distribution of log lengths. The length of a log is reflected in its 
net log scale, i.e., for two logs of the same diameter the one having 
longer length will have greater gross log scale. 
The actual recovery data are in the Appendix. 
End-product selling prices 
The end-product selling prices, i.e., the j are defined as the 
price in dollars per thousand units of the end-product from produc­
tion possibility p. This is the price f.o.b. mill for lumber and 
veneer, by the grades specified in the discussion of recovery coeffi­
cients . 
The determination of end-product prices was the key task for this 
study and the most difficult. It was decided during the planning stages 
of this study to analyze stumpage values over a period for which end-
product prices were easily available in consistent form. It was found 
that the longest period for the availability of price data in consistent 
form was about 12 months. However, by application of adjustment factors, 
it was possible to get reasonably good end-product price data from 
January 1960 through December 1964. Price data prior to 1960 were 
either not reconcilable with post-1960 data or were nonexistent. 
The period, 1960-64, was deemed too short to reflect the effects of 
the interaction between and trends within the lumber and plywood markets 
on stumpage values. It was decided that 1950 through 1964 would be a 
more interesting time period and some means had to be devised to get 
stumpage prices back to 1950, 
The Department of Labor (31) publishes monthly wholesale price 
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indexes for several Douglas-fir lumber and plywood items. These items 
are taken from shipping invoices and are not the specific product grades 
needed for this study. For instance, the BLS reports an index for 
"Dimension, green 25-percent standard and better." This means that the 
index is for carload shipments of mixed lumber grades specified to be 
dimension lumber and at least 25-percent of the shipment is standard 
grade or better. The rest of the shipment can be made up of utility and 
economy grades . 
Despite this shortcoming, the BLS indexes are a consistent indicator 
of lumber and plywood price trends. It was decided to develop a series 
of multiple regression equations of the 1960-64 end-product prices which 
had been developed, regressed on appropriate BLS index items for the same 
period. These equations could then be used to develop end-product 
prices by grade from 1950 through 1959 and the 1950-64 time series would 
be complete. The details of the development of the 1960-64 prices and 
the 1950-59 prices are discussed in separate sections of the Appendix. 
Manufacturing costs 
The costs of manufacturing are the m^  ^defined on page 44. They 
are in terms of costs for processing 1,000 board feet, net log scale of 
logs having log grade k and diameter class i in production possibility p. 
Manufacturing costs for lumber and veneer were available from the 
Forest Service. These costs had been obtained from the records of lum­
ber firms which had purchased National Forest timber (see footnote on 
page 24) . 
For lumber, it was decided to use the 1963 costs as average for the 
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period 1960-64. This was the last year the Forest Service used costs 
by log size. After 1963, they began using an average cost figure over 
all diameter classes. 
For veneer, more detailed cost information was available. The 
American Plywood Association produces a confidential summary of the ply­
wood manufacturing costs experienced by their members. Their membership 
includes about 70 percent of the industry. It was possible to use the 
APA cost data and determine the costs of manufacturing green veneer for 
each year, 1960-64. These costs were assigned to logs by log grade and 
size on the basis of the veneer recovery of the log. For example, if Cg, 
c^ , c^  and c^  are the costs of manufacturing 1,000 square feet of A, B, 
C and D veneer, respectively, and Xq, rj,, r^  and rj are the recoveries of 
A, B, C and D veneer, in 1,000 square feet, from a given log, then the 
manufacturing cost of producing veneer from that log isr 
™ïi = c^ A^ + cgrs + Ccic + Cjrd 
Thus, for lumber manufacture, the costs used were the average costs 
by diameter class for all log grades combined which were experienced in 
1963. For veneer, the costs were the actual costs by log grade, diameter 
class and year. It is believed that the difference in the cost base for 
lumber and veneer will not contribute a significant discrepancy to the 
comparison of stumpage values. Manufacturing costs do not change signifi­
cantly in the short-run and interviews with Forest Service personnel 
engaged in collecting manufacturing cost data have indicated that lumber 
manufacturing costs did not change significantly for the 1960-64 period and 
that the 1963 costs would be a good estimate of the average for the period. 
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Details of manufacturing cost data are discussed in the Appendix. 
Other costs and profit ratios 
As mentioned in the discussion of the study model, log transport 
costs are not part of the model. The only other costs included are the 
costs incurred from the standing tree to logs loaded on the truck.* 
These costs are incurred regardless how the timber is eventually used and 
are the same for both lumber and veneer. The 1963 average stump to truck 
cost developed by the Forest Service is used in this study. It is $15.70 
per thousand board feet. 
Profit ratios used by the Forest Service are those applicable to the 
lumber industry. No profit ratios were available for veneer. Profit 
ratios do not vary greatly in the short-run. The Forest Service esti­
mates for the lumber industry profit ratio are 10 to 12 percent. For 
the purposes of this study, profit ratios are not variables of signifi­
cance and 12 percent is assumed to be the constant ratio for both lumber 
and veneer. 
Study timber sale 
To test the effects of appraisal assumptions on stumpage values 
of timber sales, a typical timber sale was needed. The objective was to 
find the distribution of log grades, and diameter classes within log 
grades, on a typical old-growth Douglas-fir sale. 
*Since no log transportation is included in the model the "stump to 
truck" costs are considered equivalent to "stunç to mill pond" costs for 
the modelas mill which is located at the sale site. 
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The Forest Service has what it calls a Douglas-fir Index Sale, It 
is a sale on which they test the significance of changes in appraisal 
variables. The index sale has what is considered to be a representative 
distribution of log grades and sizes. Figure 7 shows the distribution of 
logs in the index sale. This study assumed a sale of one million board 
feet total net log scale which was distributed as shown in Figure 7. 
This completes the discussion of the data used in the case study. 
All data were compiled and organized for use in the modified computer 
program for the generalized stumpage appraisal model. The program was 
written in FORTRAN IV for the IBM 7040 computer. The program has the 
code name OPSAP-3* and is on file at the Pacific Northwest Forest and 
Range Experiment Station, Portland, Oregon. 
Once the FORTRAN statements were compiled in a binary deck the com­
puter run for monthly stumpage value of logs and the index sale for the 
period 1950-64 took approximately 14 minutes. 
The Study Results 
Log values 
The first stage output of the computer program OPSAP-3 is a conçlete 
listing of logs by log grade and diameter class showing the following 
breakdown of cost and value items for each log at each point in time 
which was analyzed: 
1. Total selling value of the lumber items recoverable from the log. 
2. Total selling value of the veneer items recoverable from the log. 
•*OPSAP is the acronym for Optimum Pricing Stumpage Appraisal Program. 
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3. Total costs from the standing tree through lumber manufacture, 
lumber f.o.b. mill. 
4. Total costs from the standing tree through veneer manufacture, 
veneer f.o.b. mill. 
5. Stumpage value of the log when used for lumber. 
6. Stumpage value of the log when used for veneer. 
7. Highest value use between lumber and veneer. 
This case study had a monthly analysis of 54 diameter classes for 180 
months, or 9,720 separate log analyses. At this stage the most interest­
ing questions answered with regard to the case study situation were: 
1. In which use, lumber or veneer, did logs have highest appraised 
value at a given point in time? 
2. How often did the highest value use switch from lumber to veneer 
or vice-versa? 
3. What was the trend over the fifteen year period of the highest 
value use of the logs? 
The graphical analysis which appears in Figures 8 and 9 answers all these 
questions for the case study situation. 
The highest value use over time for all diameter classes of logs 
which were graded as No. 1 Peeler, No. 2 Peeler, No. 3 Peeler and Special 
Peeler is shown in Figure 8. Shaded areas on the figure show highest 
value when used for veneer; white areas show highest value when used for 
lumber. The smallest time increment for a change in use is one month. 
It is seen that during the early part of 1950 the highest appraised value 
of "peeler" grade logs of almost all diameter classes was when the logs 
were used for veneer. This was the case for most of 1950 for most 
Figure 8. Months during the period 1950-64 when the value of "peeler" 
grade logs, by log grade and diameter class, was highest when 
appraised for veneer use. (Shaded area shows highest value 
when used for veneer; white area shows highest value when 
used for lumber.) 
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diameter classes within No. 2, No. 3 and Special Peelers. Most No. 1 
Peelers switched to highest value in lumber early in 1950. After 1950, 
logs of most diameter classes within all "peeler" log grades had highest 
appraised value when appraised for lumber use, with only occasional 
switching back and forth. After 1954, it was rare for any logs to have 
highest value when used for veneer. The trend from 1955 to 1964 was for 
all "peeler" log grades to have highest value when used for lumber. By 
late 1964, none had highest value when used for veneer. 
Figure 9 shows essentially the same trend for No. 1 Sawmill, No. 2 
Sawmill and No. 3 Sawmill logs. As would be expected, many diameter 
classes never had highest value when used for veneer. These were mostly 
the smaller diameter classes. Surprisingly, however, veneer was the 
highest value use for many "sawmill" grade logs in the early 1950's. 
Most of the diameter classes which began the study period having highest 
value when used for veneer, continued that way for much of the time 
through 1954. Contrast this to the generally weaker showing of "peeler" 
grade logs when used for veneer after 1950. As with "peelers", the 
trend for "sawmill" grade logs was for highest value when used for lumber 
and 1954 was the turning point from highest value when appraised to 
veneer to highest value when appraised to lumber. 
The analysis of a single diameter class in Figure 8 or 9 does not 
carry much weight for arguing the trend of log values in lumber and 
veneer. The end-product recoveries used were raw, unsmoothed data and 
the distribution of end-product grade recoveries is often erratic, even 
between adjacent diameter classes within the same log grade. Also, by 
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cost allocation and accounting quirks, the distribution of veneer manu­
facturing costs between diameter classes is sometimes erratic. No 
attempt was made to smooth these data because the main objective of the 
study is to determine the overall effect of end-product prices on the 
stumpage values of a typical timber sale. The total effect of all the 
input data is reflected in the total sale values. The total sale value 
serves as an index of the net effects of all the data recorded for a 
particular time in the case study. 
The analysis shown in Figures 8 and 9 is, however, significant in 
showing the trend within major log grade designations, i.e., "peeler" 
grade logs and "sawmill" grade logs, and especially the overall trend of 
the relative values of Douglas-fir logs used for veneer and lumber. 
There should be little doubt that all Douglas-fir logs have tended to be 
more valuable when used for lumber in the case study market. 
Index sale values 
The second stage output of OPSAP-3 is the analysis of sale values. 
The following items appear in the output for each point in time: 
1. Sale value for the assumption that each log is used where its 
value is highest. 
2. Sale value for the assumption that all "peeler" grade logs are 
used for veneer and all "sawmill" grade logs are used for lumber. 
3- Sale value for the assumption that all logs are used for lumber. 
4. Sale value for the assumption that all logs are used for veneer. 
5. Average additional value per thousand board feet when logs which 
have highest value in veneer are used for veneer instead of lumber. 
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6. Average additional value per thousand board feet -vAien logs •which 
have highest value in lumber are used for lumber instead of veneer. 
7. Sale volume allocated to lumber. 
8. Sale volume allocated to veneer. 
9. Total volume of sale. 
The sale values were calculated monthly for 180 months. Each sale 
value is an index of the effect of the interaction of end-product prices 
and end-product recoveries at specific points in time under the constraints 
of the assumptions used to make the sale value calculation. The questions 
to be answered are; 
1. What was the ranking of sale values between the four end-product 
use assumptions of the case study? 
2. What was the trend of sale values within each of the end-product 
use assumptions of the case study? 
3. What effect did the end-product prices have on the case study 
market from 1950 through 1964, 
Figure 10 shows the percent deviation of sale values made under the 
assumptions of "highest value use", "all lumber use" and "all veneer use" 
from sale values made under the assumption of "peeler logs peeled and 
sawmill logs sawed". The assumption of "peeler logs peeled - sawmill 
logs sawed" is used as an index because it generally falls between sale 
values made by the other assumptions. The figure also serves the pur­
pose of showing directly how far the Forest Service appraisal would have 
been from appraisals under alternative assumptions in the case study 
market for the time period studied. 
Figure 10. Percent deviation from sale value made under the assumption 
of "peeler logs peeled - sawmill logs sawed" of sale values 
made under the assumptions of "highest value use", "all lum­
ber use" and "all veneer use", 1950-1964. 
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As would be expected from the previous look at log values, the 
lumber use appraisal closely approximates the highest value use appraisal 
most of the time after 1954. It was only in 1950 that the analysis was 
interesting from the standpoint of the appraiser's decision of which 
assumption to use. There was a break-even, point between the lumber use 
and veneer use appraisals. There were several break-even points between 
lumber use and "peeler logs peeled - sawmill logs sawed". And, the 
highest value use appraisal was significantly higher than any other 
appraisal. After 1950, the trend was for the lumber use value to in­
crease relative to veneer use value. As more and more logs switched 
from highest value when used for veneer to highest value when used for 
lumber, the lumber use value began to more closely approximate the 
highest value use appraisal. After 1955, the two coincided for all 
practical purposes. 
After 1954, a change in assumption about end-product use would have 
resulted in significantly different appraised sale value except for 
appraisals to lumber and highest value use (Figure 10). If the apprais­
er had assumed "peeler logs peeled - sawmill logs sawed" from 1955 
through 1964 his average appraisal would have been 20 percent below the 
appraisal to highest value use; 19.5 percent below the appraisal to 
lumber; and 31.9 percent above the appraisal to veneer. Contrast this to 
the 1950 through 1954 period when the same appraisal assumption would 
have teen 8.6 percent below the appraisal to highest value use; 5.7 
percent below the appraisal to lumber; and 14 percent above the appraisal 
to veneer. 
The trends of sale values from 1950 through 1964 for each of the 
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end-product use assumptions are shown in Figure 11. The 1957-59 average 
sale value is the base value for each graph. Graphs C and D are the sale 
values for lumber and veneer use, respectively. These graphs reflect 
directly the trend in lumber and veneer prices. From graph c, it is seen 
that the sale values for lumber use show a relatively stable periodic 
pattern for 1950-64 with peaks occurring every four to five years. The 
deviation from the 1957-59 average never exceeds 20 percent. In con­
trast, graph D shows a very erratic pattern with sale values generally 
above the 1957-59 average before 1956 and mostly below the average after 
1956. The deviation from the 1957-59 average ranged from +80 percent 
in 1950 to -25 percent in 1964. There is no noticeable trend in the 
lumber use value and a decided downward trend in the veneer use value. 
The analysis of appraised values for highest value use show it is 
very heavily influenced by lumber value and thus shows essentially the 
same pattern as the lumber use value (Graph A). 
The "peeler logs peeled - sawmill logs sawed" value trend shows 
more of the influence of veneer values, but it is also dominated by 
lumber values because, as shown in Figure 7, the index sale volume is 
distributed about 60 percent to "sawmill" grades and 40 percent to 
"peeler" grades (Graph B). The interaction between lumber and veneer 
values gives this graph a distinct pattern of deviation compared to the 
others. It does not fluctuate as wildly as the veneer use graph, 
however the veneer value influence does cause it to fluctuate differently 
than lumber use values relative to their 1957-59 average values. In 
some instances, such as the 1950 peak, veneer values caused a greater 
Figure 11. Percent deviation from 1957-59 average sale value of sale 
values made under the assumptions of: A, Highest value use; 
B. Peeler logs peeled - sawmill logs sawed; C. Lumber use; 
and D. Veneer use. 
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deviation than for lumber or highest value use. Another time, such as 
the 1954 trough, the deviation was dampened by the influence of veneer 
values. The long-term trend of the sale values under the assumption 
"peeler logs peeled - sawmill logs sawed" is slightly downward in con­
trast to the sharply downward trend of veneer use value and the steady 
trend of lumber use value. 
Finally, what was the effect of the relative sale values on the 
case study market during the period 1950-1964? This is a question of 
what the foregoing analysis means to the appraiser with regard to his 
knowledge of the market for stumpage. 
The second stage output of OPSAP-3 gives the breakdown of sale 
volume allocated to lumber and veneer under the highest value use 
appraisal (Figure 12). The trend was from almost a 50-50 volume allo­
cation in 1950 to less than 10 percent allocated to veneer at any time 
from 1955 on. The mill which was specified for the case study model 
would use the logs in this manner. The questions from the standpoint of 
a more generalized market are: 
1. If a lumber mill bought the sale, how far away could a veneer 
mill be before reselling logs having higher intrinsic value in veneer is 
uneconomic ? 
2. If a veneer mill bought the sale, how far away could a lumber 
mill be before reselling logs having higher intrinsic value in lumber is 
uneconomic? 
The answer is given by the following: 
1. The volume allocated to lumber in the highest value use appraisal 
is 9^  and that allocated to veneer is Vy. 
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Figure 12. Allocation, of sale volume under highest value use of logs, 
1950-64, (Shaded area is allocation to veneer; unshaded is 
allocation to lumber.) 
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2. The highest value use appraisal is Â; the lumber use appraisal 
is and the veneer use appraisal is Ay. 
3. The average value difference per thousand board feet for logs 
bought by lumber which have higher value when used for veneer instead of 
lumber is: 
4. Similarly, the average value difference per thousand board 
feet for logs bought by veneer which have higher value when used for 
lumber instead of veneer is: 
Then is the transport cost radius of a lumber mill's market for 
reselling logs to a veneer mill and is the transport cost radius of 
a veneer mill's market for reselling logs to a lumber mill. 
The and for the period 1950 through 1964 are shown in 
Figures 13 and 14, respectively. If it is imagined that a veneer mill 
is located on the horizontal axis of Figure 13, the distance from the 
horizontal axis to the graph line is the maximum cost radius for re­
selling logs at each point in time. That is, the graph line represents 
the break-even point for a veneer mill's decision of whether to resell 
those logs having higher value in lumber or use all the logs in the sale 
for veneer. The upward trend of Figure 13 shows that a veneer mill 
could afford to pay more per thousand board feet to transport resold 
logs in 1964 than in 1950. From 1950 through 1954, the average addi­
tional value of logs having highest value use in lumber was $18.23 per 
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Figure 13. Average value difference per thousand board feet for log 
volume having highest value use in lumber when used for lumber 
Instead of veneer, 1950-1964. 
95 
S 15 
"S 10 
Year 
Figure 14. Average value difference per thousand board feet for log 
volume having highest value use in veneer when used for 
veneer instead of lumber, 1950-1964. 
thousand board feet. From 1955 through 1964, the average was $32.35 per 
thousand board feet. Again, the graph shows a distinct break in trend 
at the start of 1955. 
The same analysis can be made for a lumber mill reselling logs hav­
ing highest value in veneer to a veneer mill (Figure 14). Prior to 1955, 
the averaged $12.18 per thousand board feet. From 1955 on, the 
average was $8.12 per thousand board feet. The striking feature of this 
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graph is its erratic nature after 1954 compared to 1950-54. When the 
graph line hits zero, this is a time \Aiea no logs had higher value used 
for veneer compared to lumber. These points correspond to those of zero 
volume allocation in Figure 12. 
Figures 13 and 14 demonstrate the erratic nature of the log resale 
market. If one production possibility has the opportunity of reselling 
logs to another production possibility and the cost of doing so was 
fixedJ it can be seen that, depending on this cost, there may be times 
when resale is economic and times when it is not. For example, consider 
a cost of $30.00 per thousand board feet in Figure 13. Prior to mid-1956, 
it would hardly ever have been profitable to resell logs. After mid-1956, 
the profitability of log resale was variable, but would have been profit­
able more often than not. From mid-1956 to mid-1957 it was profitable to 
resell logs; from mid-1957 to the beginning of 1958 it was not. Resale 
was profitable in 1958 and unprofitable in the first part of 1959, and so 
forth. 
The story of the profitability of log resale is not completely shown 
in Figures 13 and 14. These figures do not account for the fact that one 
month the average value difference per thousand board feet between one 
production possibility and another may be relatively low, but involve a 
high volume of logs, while in the next month the average value difference 
per thousand board feet may be high, but involve only a small volume of 
logs. This is apt to happen when some logs are marginal in their current 
highest value use and thus more apt to have a change in highest value use 
with a small change in relative prices. This situation frequently 
occurred in the analysis of the average value difference of logs having 
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highest value use in veneer, when used for veneer instead of lumber 
(Figure 14). 
In one respect, the timber appraiser would not be concerned with the 
volume involved in calculating value differences: This occurs if he is 
only interested in the average value difference of a typical sale between 
production possibilities—as shown in Figures 13 and 14. 
In another respect, volume would be a consideration if the timber 
appraiser was to consider the feasibility of log transfers taking place. 
For example, if a lumber mill buys the sale and only 2 or 3 percent of 
the volume has higher value when used for veneer, the buyer may not 
consider reselling that volume because it isn't enough to warrant negotia­
tion with a veneer mill. If this is what the appraiser wants to take into 
account, he must make a more detailed examination of value difference than 
has been made here. 
As an illustration of the above concept, an analysis was made of the 
volume distribution associated with average differences in log values 
between production possibilities. The analysis compares February, May, 
August and November 1950 with the same months in 1960. The total volume 
in the sale was ranked in increments of 50,000 board feet (5% of the 
total volume) according to value difference (highest to lowest) when used 
for lumber instead of veneer, i.e., the ranking is in descending order of 
the defined on page 93, If logs had higher value in veneer than in 
lumber, the value difference in favor of veneer is a negative value 
difference for lumber, i.e.: 
 ^^ • ®LV 
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for >0. It is assumed here that 50,000 board feet is the minimum 
volume that the initial buyer of the sale would resell. The results of 
this analysis are shown in Figures 15 and 16 for 1950 and 1960, respec­
tively. The value difference for the 50,000 board feet which have the 
highest value difference when used for lumber instead of veneer is shown 
by the top horizontal line in the bar graph for each month. Each hori­
zontal line below the top represents the 50,000 board foot segments of 
the total sale volume which have successively lower value differences. 
That is, each bar graph contains a "contour map" of value differences 
with the contour interval being 50,000 board feet. When the bar graphs 
pass below the horizontal axis, they represent value differences in favor 
of veneer. Thus, the bottom horizontal line in the bar graph for each 
month shows the value difference for the 50,000 board feet which have the 
highest value difference when used for veneer instead of lumber. The 
area above the horizontal axis is the market for a veneer mill reselling 
logs to a lumber mill, as in Figure 13. The area below the horizontal 
axis is the market for a lumber mill reselling logs to a veneer mill. 
The X' s above the horizontal axis are the for each month as shown in 
Figure 13; the X*s below the horizontal axis are the for each month 
as shown in Figure 14. 
During 1950, the percent of the total sale volume having highest 
value when used for veneer was about equal to that having highest value 
when used for lumber (Figure 12). The and represented volumes 
far in excess of the 50,000 board foot constraint in all four months, so 
it was feasible for a veneer mill to resell all logs having higher value 
in lumber at an average cost of or below, and it was feasible for a 
Figure 15. Average value differences per thousand board feet between 
lumber use and veneer use of the index sale volume for 
selected months, 1950. 
(Each horizontal line within a bar graph represents 50,000 
board feet. When a horizontal line appears below the 
horizontal axis it represents a negative value difference 
with respect to lumber and a positive value difference 
with respect to veneer.) 
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lumber mill to resell all logs having higher value in veneer at an 
average cost of Dj^ y or below (Figure 15) . 
During 1960, over 90 percent of the total sale volume had highest 
value when used for lumber. The represented sufficient volume that 
it was feasible for a veneer mill to resell all logs having higher value 
in lumber at an average cost of or below. However, it was never 
feasible for a lumber mill to resell logs having higher value in veneer. 
In each of the four months was greater than the value difference for 
the 50,000 board feet having highest value difference when used for 
veneer instead of lumber (Figure 16). This occurs because only a small 
volume of logs have highest value when used for veneer and to get a 
50,000 board foot bundle, some logs which are marginal in favor .of lumber 
are combined with those logs having highest value in veneer, thus de­
creasing the value difference in favor of veneer. 
The analysis of value differences of logs can get as detailed as 
the appraiser's or mill owner's objective warrants. For the general 
purposes of the appraiser, it should suffice that he know the average 
value difference, subject to a volume feasibility constraint, for logs 
having higher value in one production possibility versus another. This 
information will allow the appraiser to assess the possibility of log 
resale in the market for which the appraisal is being made. 
The analysis of value differences can also be interpreted from the 
standpoint of an integrated mill. Figure 13 and the area above the 
horizontal axis in Figures 15 and 16 show the benefit, in terms of allo­
cation of logs to lumber, to a veneer mill with the added capability 
of making lumber. Figure 14 and the area below the horizontal axis in 
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Figures 15 and 16 show the benefit. In terms of allocation of logs to 
veneer, to a lumber mill with the added capability of making veneer. 
Interpretation of the Case Study Results 
The analysis of log values for the case study showed, for the 
limited scope of the analysis, that most Douglas-fir logs tended to have 
higher value when used for lumber compared to veneer from 1955 through 
1954. Prior to 1955 there was some switching of highest value use be­
tween lumber and veneer with veneer tending to be the higher value use in 
1950 for most "peeler" grade logs and the larger "sawmill" grade logs. 
The analysis of the values of a typical timber sale showed that from 
1955 through 1964, the sale value under the assumption of lumber use 
closely approximated the sale value under the assumption that each log 
•was used where it had highest value. Prior to 1955, lumber use tended to 
yield higher sale values than veneer use or use based on the rule that 
"peeler" grade logs be peeled and "sawmill" grade logs be sawed. Again, 
only the early part of 1950 was an exception. For the entire period, 
1951-64, veneer use gave the lowest sale value; lumber use sale value was 
second only to high value use; and the rule of "peeler logs peeled -
sawmill logs sawed" gave sale values which fell between veneer use and 
lumber use sale values. 
The analysis of the additional value for logs having higher value 
in one production possibility vs. another, showed that the market radius 
for reselling such logs expanded and contracted sharply in the short-
run. Over the entire study period, the market radius for a veneer mill 
reselling logs to a lumber mill was expanding, while that of a lumber 
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mill reselling logs to a veneer mill was contracting. The highest value 
use allocation of log volume from the index sale went from about half to 
lumber in 1950 to 100 percent to lumber in 1964. 
No specific conclusions can be drawn from this case study regarding 
the general market for stumpage and the appraisal procedure. However, the 
case study used estimates of actual end-product prices. It used lumber 
and veneer recovery data and costs which had been experienced in a seg­
ment of the lumber and plywood industries. The model was designed to 
test real-world assumptions of timber use. It is thus believed that the 
case study does have some testing force with regard to the general market 
for Douglas-fir stumpage. The implications for the general market would 
be: 
1. Douglas-fir stumpage had increasing value when used for lumber 
relative to its value v^ en used for veneer from 1950 through 1964. 
2. The "peeler" and "sawmill" log grade designations do not identify 
the highest value log use. 
3. Appraised sale values made under the assumption of "peeler logs 
peeled - sawmill logs sawed" were significantly lower than sale values 
assuming highest value use or lumber use of the sale. 
4. The market for stumpage is dynamic. Optimal behavior during one 
year may be sub-optimal the next year. 
If these implications are fact, what does it mean with regard to 
stumpage appraisal and the timber use strategies of firms? 
The fact that lumber showed an overall tendency toward being a 
higher value use than veneer does not mean that all logs should have 
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been used for lumber nor that veneer manufacture is unprofitable. The 
main point for the appraiser is that the implications of the study tend 
to dispute the concept that "peeler" and "sawmill" log grades designate 
the highest value use for logs in all market situations. For an inte­
grated firm, logs will be allocated on the basis of orders, capacity of 
production possibilities and the characteristics of the mill's log supply. 
Separated production possibilities may trade logs when profits can be 
increased by doing so. The appraiser still doesn't know for sure what 
the end product use of a timber sale will be, but these results give him 
a better basis for ascertaining average market behavior. 
There is some evidence that may support the implication that stump-
age has had higher value when used for lumber rather than veneer. The 
Forest Service (33, page 2) recently completed a report on profits in 
the western timber industries. Table 3 summarizes their findings for 
1962. 
The results of the profit study are surprising in the same way as 
the results of this case study. That is, both studies dispute the popu­
larly held notion that returns to plywood manufacturing exceed those of 
lumber manufacturing. The Forest Service does not comment on any reasons 
for lower profit in the plywood industry, but on the basis of this study 
it can be speculated that decreasing end-product prices coupled with in­
creasing stumpage costs* contribute to the lower profits. 
*It should be stressed that stumpage costs are in terms of the com­
petitively determined stumpage prices and not the stumpage values of the 
appraisal model. 
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Table 3. Tabulation of 1962 earnings in the western timber industries on 
three bases 
Net income Net income Net income after 
after tax in after tax in tax plus interest 
Industry^  
, percent of percent of paid in percent 
net worth business recipts of total assets 
Lumber 6.1 2.8 5.0 
Plywood 4.4 1.0 4.0 
Pulp and paper 9.1 7.4 6.8 
Diversified 6,2 5.2 5.5 
All U.S. manu­ (not 
facturing cor­ avail­
porations able) 3.2 5.3 
F^irms were classified as a specific production possibility if 75 
percent of their total value of sales was from that production possibili­
ty. Firms were classified as "diversified" when no single production 
possibility accounted for more than 75 percent of the total sales of the 
firm. 
It is also significant that Fedkiw (8) reported that the Douglas-fir 
plywood industry in 1960 was "confronted with a serious problem of excess 
capacity, overproduction and depressed prices" . The case study results 
reflected the depressed prices in the downward trend of sale value when 
the appraisal was made with the assumption that all logs would be used 
for veneer. The excess capacity and overproduction relative to demand 
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are factors contributing to the depressed prices. 
With this supporting evidence it should not be too surprising that 
an appraiser's-eye view of the market for Douglas-fir stumpage should 
disclose that lumber has been a higher value use for logs than veneer. 
The implications of the case study also suggest the usefulness of 
the appraisal model for testing the effects of the log use strategies of 
timber buyers and changes in appraisal variables on stumpage values. The 
model is essentially a simulation of the timber market from the appraiser's 
viewpoint. It is anticipated that the timber appraisal model can be used 
to efficiently answer the "what if" questions regarding stumpage price: 
What if profit ratios are raised. QX lowered? What if the prices of some 
lumber grades fall relative to those of some veneer grades? What if a 
new production possibility enters the market area? 
A more comprehensive model of the timber market should be helpful in 
simplifying appraisal procedures. For example, the case study results 
suggest that an equation of stumpage value as a function of the price 
level of certain lumber items may have closely approximated the highest 
value use appraisal of stumpage for a ten year period. If a study at the 
beginning of the period had disclosed that trend, and the objective was 
to get the highest appraised value under the constraints of the appraisal, 
then as long as it was evident that plywood prices were falling or remain­
ing constant relative to lumber prices, the highest value appraisal could 
have been approximated by appraising to lumber use only. Adjustments 
would, of course, have to be made for local market situations. 
An extension of the appraisal model and the techniques of the case 
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study to the general market for Douglas-fir stumpage, might reveal 
equally obvious possibilities. Regardless of the value of the study 
approach in appraisal modification, a systematic presentation of the 
existing appraisal procedure will be useful as a supplement to the 
hundreds of pages it now takes to describe what goes into the appraisal. 
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SUMMARY AND CONCLUSIONS 
Each year hundreds of timber sales are made on the National Forests 
of the Douglas-fir subregion. Most of these sales require a value 
appraisal. Despite frequent modification, the appraisal system continues 
to come under fire: The wood-using industries contend that appraisals 
are too high; the U.S. General Accounting Office says they're too low. 
Two shortcomings of the appraisal system were discussed in this paper: 
its conflicting objectives and its inflexibility with regard to timber 
use assumptions. 
A mathematical model of the appraisal system was developed. The 
model assumes that the objective of the appraisal is to determine the 
price below which the Forest Service will not sell a timber sale. The 
model holds intact the concept of average performance in an industry, 
but allows consideration of all possible uses of timber in its market. 
It provides for consideration of average behavior which might include 
reselling logs to higher value production possibilities than that of the 
original purchaser of the sale. 
Using a modified version of the appraisal model, a study was made 
to determine the relative values of logs when used for lumber and veneer 
during the period 1950-64. The study model assumed no log transport 
costs—its purpose was to determine the intrinsic value of Douglas-fir 
logs when used for lumber and veneer. The study used end-product re­
covery coefficients from a study of three sawmills and three veneer mills 
in the Douglas-fir subregion. Thus, the study was a case study of what 
stumpage in a specific timber sale would have been worth to these mills 
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monthly, from 1950 through 1964, if they had had the average manufactur­
ing costs of their industry. 
The case study yielded results at two stages: the value of logs and 
the value of a timber sale. The timber sale used for the study was the 
Forest Service Douglas-fir Index Sale which has a representative dis­
tribution of log grades and sizes. The sale values were calculated on 
the basis of four assumptions: 
1. All the timber in the sale is sawed into lumber. 
2. All the timber in the sale is peeled for veneer. 
3. Each log will be used where it has highest value. 
4. "Peeler" grade logs are peeled for veneer - "sawmill" grade logs 
are sawed into lumber. 
The results showed that in 1950 most "peeler" grade logs had higher 
value when used for veneer. From 1950 through 1954 there was some 
switching back and forth from highest value in lumber to highest value in 
veneer; after 1954 the analysis showed a definite trend toward all 
"peeler" grade logs having highest value when used for lumber. 
"Sawmill" grade logs over 31-inches showed essentially the same 
trend as "peeler" grade logs; highest value in veneer in 1950; some 
switching back and forth until 1955; and then a definite trend toward 
highest value in lumber from 1955 on. "Sawmill" grade logs below 31-
inches generally had highest value when used for lumber for the entire 
period, 1950-64. 
Sale values were analyzed with respect to: 
1. The relative values of the sale between end-product use assumptions. 
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2. The trend, over time, of sale values within each end-product use 
assumption. 
3. The value difference of those logs in the sale which have higher 
value in the production possibility other than that of the initial pur­
chaser of the sale. 
The sale values between end-product use assumptions were compared 
using the assumption of "peeler logs peeled - sawmill logs sawed" as a 
base index. For 1950-54, the highest value use assumption gave sale 
values which averaged 8.6 percent higher than the sale values of the base 
index assumption; the lumber use assumption values averaged 5.7 percent 
above the base index assumption values; and the veneer use assumption 
values averaged 14 percent below the base index assumption values. For 
1955-64, the highest value use assumption gave sale values which averaged 
20 percent higher than the base index assumption sale values; the lumber 
use assumption values averaged 19.5 percent above the base index assump­
tion values; and the veneer use assumption values averaged 31.9 percent 
below the base index assumption values. 
The trends of sale values under each use assumption are a direct 
reflection of limiber and plywood prices from 1950 through 1964. Under 
the veneer use assumption, sale values declined; under the lumber use 
assumption, they remained relatively constant. The lumber use sale 
values were relatively stable around their 1957-59 average, never vary­
ing by more or less than 20 percent. In contrast, the veneer use sale 
values were very erratic, ranging from 80 percent above to 25 percent 
below their 1957-59 average. Veneer use sale values were generally 
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higher than their 1957-59 average prior to 1956 and generally below it 
after 1956. 
Finally, the value difference of the sale volume having higher value 
in the production possibility other than that of the assumed initial pur­
chaser was analyzed. If a lumber mill purchased the sale, the cost 
allowance for reselling logs having higher value in veneer averaged 
$12.18 per thousand board feet prior to 1955 and $8.12 per thousand 
board feet from 1955 through 1964. If a veneer mill purchased the sale, 
the cost allowance for reselling logs having higher value in lumber 
averaged $18.23 per thousand board feet prior to 1955 and $32.35 from 
1955 through 1964. The allocation of sale volume to ^ ich these cost 
figures apply ranges from about 50 percent each to lumber and veneer in 
1950 to 100 percent to lumber in 1964. 
The case study results have important inçlications for the general 
market for Douglas-fir stumpage. They are: 
1. Douglas-fir stumpage had increasing value when used for lumber 
relative to its value when used for veneer from 1950 through 1964. 
2. The "peeler" and "sawmill" log grade designations do not identify 
the highest value use for logs. 
3. Appraised sale values made under the assumption "peeler logs 
peeled - sawmill logs sawed" were significantly lower than sale values 
assuming high value use or lumber use of the sale. 
4. The market for stumpage is dynamic. Optimal behavior with regard 
to production possibility interaction is subject to frequent change. 
These implications are important because they refute some popularly 
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held concepts of Douglas-fir log values. It has become axiomatic to many 
foresters and wood-products industry people that the best use for "peeler"^  
grade logs is veneer manufacture. This case study suggests that, although 
this might have been true in the early 1950's, it hasn't been so from 
1955 through 1964. 
In addition, if it is true that highest value use and lumber use 
appraised values exceed values determined under the assumption that 
"peeler" logs are peeled and "sawmill" logs are sawed by as much as 20 
percent or more as shown in the case study, this information could be 
useful in partially explaining why bid-appraisal ratios are high in the 
Douglas-fir subregion. These results suggest that even some average cost 
firms in the market for stumpage could afford to bid 20 percent above an 
appraised value which was based on the assumptions that "peeler" logs 
would be peeled and "sawmill" logs sawed. If this is so, firms with 
below average costs and above average utilization potential could be 
expected to bid even higher in a competitive timber market with limited 
log supplies. 
These aspects of the results of the case study demonstrate the 
potential for the timber appraisal model as a market information tool 
for those interested in the timber market. Timber appraisers should know 
the value possibilities of logs in all production processes. This is 
true whether the appraisal goal is highest possible value in the market, 
average value, low value or some weighted combination of values. 
Finally, the timber appraisal model is a useful tool for evaluating 
timber appraisal policy and answering criticism of it. Policy makers 
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could determine where the appraised values fell with relation to those 
values possible in the timber market. policy objectives were not 
being accomplished, adjustments could be made in the appraisal system 
and the effect of these adjustments quickly evaluated by use of simu­
lated timber sales in the appraisal model. 
Hopefully, the model will serve as the basis of a simplified appraisal 
system that will accomplish the appraisal objective and reduce the detail 
and controversy of existing appraisal procedures. 
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APPENDIX 
End-Product Prices, 1960-1964 
Lumber prices 
Douglas-fir lumber prices are available, at frequent intervals, from 
several sources. The most commonly known are: Crow's Price Reporter (4); 
Random Lengths (22); Plywood Lumber Indexer (21); and Wholesale Prices and 
Price Indexes of the Bureau of Labor Statistics (31) . None of these sources 
reports prices for the specific lumber grades needed in this study, so it was 
necessary to seek a means of using the up-to-date price reporting data of the 
above sources to develop the 1960-64 time series of lumber prices by the 
grades needed for this study. 
This was not a new problem. The Bureau of Land Management (BIM) has had 
to develop a scheme for originally pricing lumber grades and periodically 
adjusting these prices. After consultation with the BLM timber sales staff, 
it was decided to use their procedure for developing prices for the following 
grades of lumber: 
Selects Dimension 
B and better Selects structural 
G Construction 
D Standard 
Utility 
Economy 
The BLM lumber grade prices are developed as weighted averages of the 
broad product category prices reported by Crow's Price Reporter. The weights 
used are the proportion of the volume of a given grade of lumber which is 
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shipped in each product category. For example, Crow's Price Reporter 
gives prices for "C" or "C and Better" lumber in each of the following 
product categories: 
1. Flooring, kiln dried, vertical grain 
2. Flooring, kiln dried, flat grain 
3. Drop siding, kiln dried, standard pattern 
4. Ceiling, kiln dried, standard pattern 
5. Finish, surfaced four sides, kiln dried, flat grain 
Let pj^ , pg, Pg be the proportion of C-select lumber volume sold 
in each of these major categories, and let v^ , V2, ..., vg be the index 
price for the variety of widths, thicknesses, and lengths of items in each 
category. Then, 
c^ = Pl^ l + P2V2 + ••• + P5V5 
where is the price of C select lumber. 
The V£ are the reported prices of the major item in each product 
category. For example, the major item in vertical grain, kiln dried 
flooring is 1x4, 4 to 20 foot lengths. Crow's Price Reporter reports a 
price range for this item and the BLM chooses the midpoint of the range 
for C grade as the index price for vertical grain, kiln dried flooring. 
The Pj^  are determined by a sançling of lumber shipment invoices . 
Unfortunately, this information is not available on a periodic basis. 
The last major effort to determine the p^  was done by the West Coast 
Lumbermen's Association in 1946. They sanipled some 2 billion board 
feet, over a 3-month period, to determine the relationship of lumber 
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grade to product category. The pj^  so determined have been confirmed as 
late as 1955 by cursory investigation, but an intensive study in this 
area is long overdue. Despite the possible error in the pi, the BLM 
continues to use this method on the basis that it is at least consistent 
for determining relative price movements. It is also notable that 
industry has not complained about this technique and has not risen to 
cooperate in new studies of lumber shipments, despite repeated BLM 
requests. (Table 4 shows the shipment percentages for C, D, Construction, 
Standard, Utility and Economy grades now used as weights by the BIM.) 
The 3-month moving average prices for each item listed in Table 4 
are calculated from the monthly price reported in Crow's Price Reporter, 
except -where otherwise noted. The price of B and better lumber is 
assumed to move the same as C lumber over time, and the price of Select 
Structural is assumed to move the same as Construction, The BLM uses 
the following relationships: 
B^&Btr - ^c + $4.00 
S^el.Str. ~ ^ const 
The prices of Factory Select, No. 1 Shop, No. 2 Shop, No. 3 Shop, 
and Molding were not available from the BLM or the Forest Service. 
Prices for these grades are not reported for west side Douglas-fir by 
any of the price reporters. The only price information available for 
these grades on the west side was a study done by the Log Grade Project 
of the Pacific Northwest Forest and Range Experiment Station. In this 
study, lumber shipment invoices were sampled to determine the prices for 
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Table 4. Shipment percentages for Douglas-fir lumber items by grade 
Lumber grade Lumber item 
Shipment 
percentages 
1x4, 4/20' Flooring, KD, VG 39.9 
1x4, 4/20' Flooring, KD, FG 18.3 
1x6, 4/20' Drop siding, KD, Std. Pat. 27.9 
5/8x4, 4/20' Ceiling, KD, Std. Pat. 6.7 
1x6, 3/20' Finish, S4S, KD, FG 7.2 
1x4, 4/20' Flooring, KD, VG 24.9 
1x4, 4/20' Flooring, KD, FG 35.1 
1x6, 4/20' Drop siding, KD, Std. Pat. 34.1 
5/8x4, 4/20' Ceiling, KD, Std. Pat. 5.9 
Construction Boards, green, S4S, Portland rate 
1x6, 8/20' (Construction, 25 percent std.) 9.6 
1x8, 8/20' (Construction, 25 percent std.) 2.0 
Dimension, green, S4S, Eastern rail ship., 
box car 
2x4, 8/20' (Construction, 25 percent std.) 25.3 
2x4, 8/20' (Construction, 25 percent std.) 15.2 
2x6, 8/20' (Construction, 25 percent std.) 12.2 
2x8, 8/20' (Construction, 25 percent std.) 11.3 
2x10, 8/20' (Construction, 25 percent 
std.) 6.6 
2x12, 8/20' (Construction, 25 percent 
std.) 5.8 
Plank and timbers, rough green, 
(Construction, 15 percent std.) 
Specified 12/20', 6x8 to 6x12 12.0 
Standard Boards, green, S4S, Calif, ship., flat car, 
Portland rate 
1x6, 8/20' (Construction, 25 percent std.) 31.1 
1x8, 8/20* (Construction, 25 percent std.) 2.5 
Dimension, green, S4S, eastern rail ship., 
box car 
2x4, 8/20' (Construction, 25 percent std.) 26.3 
2x4, 8/20* (Construction, 25 percent std.) 14.2 
2x6, 8/20' (Construction, 25 percent std.) 8.6 
2x8, 8/20' (Construction, 25 percent std.) 8.9 
2x10, 8/20' (Construction, 25 percent 
std.) 3.4 
2x12, 8/20' (Construction, 25 percent 
std.) 3.0 
122 
Table 4. (Continued) 
Lumber grade Lumber item 
Shipment 
percentages 
Standard Plank and timbers, rough green, specified 
(continued) 12/20', 6x8 to 6x12 (Construction, 
15 percent std.) 
Utility Boards, green, S4S, Calif, ship., flat car, 
Portland rate 
1x8, 8/20* 
Dimension, green, S4S, eastern rail ship., 
box car 
2x4, 8/20' 
2x4, 8/20' 
2x6, 8/20' 
2x8, 8/20* 
2x10, 8/20' 
2x12, 8/20' 
Economy 2x6 Dimension (from Random Lengths 
Dimension, green, S4S, eastern rail ship., 
box car 
2x4, 8/20' 
2x6, 8/20' 
2x8, 8/20' 
2x10, 8/20' 
2x12, 8/20' 
2 . 0  
54.9 
29.7 
7.9 
3.5 
2.8  
0 .8  
0.4 
54.9 
37.7 
3.5 
2 . 8  
0 .8  
0.3 
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the shop grades and molding during 1963. Prices were weighted by 
volumes to get a set of average prices for the year 1963. 
East side* prices for Douglas-fir shop grades and molding as 
reported by the Western Wood Products Association (formerly the Western 
Pine Association on the east side) were used to obtain the monthly 
price fluctuations needed in this study. This is based on the assump­
tion that Douglas-fir shop grade and molding prices fluctuate in the 
same manner east and west of the Cascades, This is a likely assumption 
because the shop grades and molding are used in construction specialty 
items such as doors, window frames and woodwork and the demand for these 
specialty items should be reflected similarly in the prices paid for 
Douglas-fir shop lumber and molding both east and west of the Cascades. 
Monthly prices were obtained for 1960 through 1964. A weighted 
average of the monthly prices for 1963 (using volume per month as 
weight) was obtained. These average prices were compared with those of 
the average 1963 prices developed by the Log Grade Project and a ratio 
was calculated for each grade as follows: 
Adjustment Ratio = Log Grade Project 1963 average price divided 
by WWPA 1963 average price 
The WWPA 1960-64 monthly prices were then multiplied by this adjust­
ment ratio to yield the shop grade and molding prices used for this 
study. 
*East side of the Cascade Mountains (The Western Pine Region). 
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Table 5 contains all lumber grade prices for 1960-64 used as the 
basis for the lumber price regression equations. 
Veneer prices 
As is true in lumber grade prices, veneer prices are not readily 
available. The price reporters mentioned in the discussion of lumber 
prices also are a source of plywood prices, but not veneer prices. It 
was necessary to determine a time series of monthly veneer prices for 
1960-64 and for each of four grades of veneer; A, B, C and D. These 
grades are the ones used in the majority of plywood makeup. The diffi­
culty of determining the price of a particular grade of veneer is that 
each grade is used in plywood panels of many thicknesses and composi­
tions. For example, a plywood panel is identified by the grade of its 
two outside veneer plys; i.e., AA has A veneer on the front and back, 
AB has A on the front face and B on the back, etc. In addition, each 
panel is identified by its thickness and whether it is exterior or in­
terior plywood. Each 4x8-foot panel of plywood can have a different 
price, depending on its specifications. 
If veneer prices are to be imputed from plywood prices, all the 
costs of making plywood (except wood costs) and profit must be deducted 
from the selling price of plywood. The wood costs are then prorated to 
the various grades of veneer used in the plywood panel. The values of a 
given grade of veneer so determined will vary depending on the panel 
makeup and selling price of the panel. After the value of a grade of 
veneer is determined in each of its uses, then a weighted average of 
these values (using volume of veneer in each use as weight) will be 
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Table 5. Monthly Douglas-fir lumber prices by grade, 1960-64 
Lumber Grade 
Year Month 
B & Btr, C D 
Select 
Struct. & 
Select 
Merch. 
Constr. Standard Utility 
($ per thousand board feet. 
1960 
1961 
1962 
1 151.20 147.20 103.50 85.40 75.40 71.23 44.50 
2 152.11 148.11 104.21 84.96 74.96 69.54 43.48 
3 152.71 148.71 104.36 84.20 74.20 68.18 42.54 
4 152.97 148.97 103.85 83.10 73.10 66.79 41.40 
5 152.97 148.97 103.59 81.32 71.32 65.05 40.28 
6 152.90 148.90 103.59 80.17 70.17 62,98 38.42 
7 152.96 148.96 103.59 79.73 69.73 61.83 36.74 
8 153.06 149.06 103.59 78.90 68.90 61.13 35.19 
9 152.97 148.97 103,59 77.37 67.37 59.86 34.15 
10 152.79 148.79 103.59 75.82 65.82 59.19 33.85 
11 152.56 148.56 103.59 75.70 65.70 59.86 33.19 
12 151.82 147.82 102.42 75.85 65.85 60.71 33.31 
1 151.24 147.24 99.72 75.82 65.82 60.20 34.57 
2 150.74 146.74 97.29 76.78 66.78 61.26 37.36 
3 150.82 146.82 95.84 79.45 69.45 64.58 40.91 
4 150.67 146.67 95.30 80.25 70.25 65.42 42.71 
5 150.67 146.67 95.30 79.75 69.75 64.77 41.05 
6 150,31 146.31 94.83 79.24 69.24 64.16 39.98 
7 149.59 145.59 93.66 78.06 68.06 63.14 39.76 
8 149.23 145.23 92.75 76.20 66.20 61.64 39.13 
9 148.96 144.96 92.32 74.56 64.56 60.42 38.35 
10 148.42 144.42 91.88 74.25 64.25 60.34 38.05 
11 147.87 143.87 91.65 74,49 64.49 60.75 38.52 
12 147.33 143.33 91.65 75.24 65.24 61.05 38.70 
1 147.30 143.30 91.65 76.97 66.97 63.20 39.89 
2 147.27 143.27 91.82 78.71 68.71 64.44 41.27 
3 147.34 143.34 91.88 79.55 69.55 64.78 42.86 
4 147.48 143.48 91.83 80.20 70.20 65.08 43.36 
5 147.44 143.44 91.65 81.27 71.27 66.23 44.04 
6 147.54 143.54 91.65 82.45 72.45 67.28 44.59 
7 147.92 143 .92 91.81 82.45 72.45 67.24 43.42 
8 148.52 144.52 91.38 80.27 70.27 65.54 42.60 
9 148.79 144.79 90.03 78.09 68.09 63.96 41.68 
10 148.79 144.79 89,28 77.12 67.12 63.61 42.17 
11 149.23 145.23 89.45 76.79 66.79 63.48 42.75 
12 150.30 146.30 89.80 77.01 67.01 63.34 43.40 
Lumber Grade 
Factory 
#1 Shop #2 Shop #3 Shop Standard Utility Economy Select Molding 
: thousand board feet, 
71.23 44.50 
69.54 43.48 
68.18 42.54 
66.79 41.40 
65.05 40.28 
62.98 38.42 
61.83 36.74 
61.13 35.19 
59.86 34.15 
59.19 33.85 
59.86 33.19 
60.71 33.31 
60.20 34.57 
61.26 37.36 
64.58 40.91 
65.42 42.71 
64.77 41.05 
64.16 39.98 
63.14 39.76 
61.64 39.13 
60.42 38.35 
60.34 38.05 
60.75 38.52 
61.05 38.70 
63.20 39.89 
64.44 41.27 
64.78 42.86 
65.08 43.36 
66.23 44.04 
67.28 44.59 
67.24 43.42 
65.54 42.60 
63.96 41.68 
63.61 42.17 
63.48 42.75 
63.34 43.40 
lumber tally) 
19.25 125.58 
19.27 125.85 
19.39 125.29 
19.38 125.77 
18.78 125.43 
17.47 124.22 
16.10 117.79 
14.78 112.27 
13.54 108.39 
13.12 105.74 
13.43 104.64 
14.15 105.42 
14.50 105.88 
15.36 103.75 
17.71 102.09 
19.05 103,78 
19.00 107.66 
17.06 110.54 
15.52 110.95 
14,45 112.34 
14.15 111.97 
14.00 109.79 
14.00 108.00 
13.89 111.02 
15.25 112.32 
18.32 110.56 
20.73 111.52 
20.51 114.45 
19.61 113.75 
19.35 113.57 
19.01 114.92 
17.95 117.17 
16.89 115.45 
16.30 113.94 
16.25 113.68 
15.73 111.93 
103.30 73.73 
102.24 72.95 
99.88 72.00 
98.17 71.04 
99.00 68.10 
97.72 66.94 
93.13 65.43 
84.69 60.71 
80.44 55.78 
80,70 51.61 
80.62 50.05 
81.23 49.53 
80.33 49.81 
78.59 49.96 
78.05 49.80 
80.56 51.25 
84.81 53.83 
87.41 56.08 
88.37 57.26 
88.15 59.06 
86.98 59.48 
86,21 59.64 
86.47 60.22 
87.94 61.19 
87.34 61.14 
85.54 61.37 
87.72 62.33 
91.83 63.62 
92.18 64.97 
91.66 65.37 
93.00 66.33 
94.41 66.73 
96.18 66.86 
93.87 66.50 
94.67 65.12 
93.33 63.35 
31.36 118.50 
30.56 116.27 
29.44 117.73 
29.06 121.84 
28,20 123.13 
27.76 116.49 
26.32 111.92 
23.49 111.81 
20.88 112.31 
19.06 115.01 
18.05 118.15 
17.07 116.28 
17.90 109.13 
17.79 108.57 
17.79 108.48 
18.43 109.43 
20.12 109.27 
21.41 113.40 
22.31 113.38 
22.53 116.38 
23.07 121.20 
22.53 123.68 
22.97 128.65 
23.75 129.42 
23.60 121.44 
23.94 114.25 
24.29 115.59 
24.55 121.40 
26.00 122.13 
25.68 122.45 
26.53 120.51 
26.20 123.54 
25.50 123.19 
25.80 123.60 
24.56 122.34 
24.00 119.65 
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Table 5. (Continued) 
Lumber Grade 
Year Month Select 
B & Btr. C D Struct. & Constr. Standard Utility 
Select 
Merch. 
($ per thousand board feet, 
1963 1 150,99 146.99 89.98 77.94 67.94 64.09 43.77 
2 151.90 147.90 89.98 78.36 68.36 64.57 44.25 
3 153.30 149.30 90.29 78.59 68.59 64.85 44.96 
4 155.17 151.17 90.90 79.08 69.08 64.68 46.01 
5 157.35 153.35 92.47 81.41 71.41 66.33 48.00 
6 159.85 155.85 94.97 84.78 74.78 69.69 49.01 
7 161.94 157.94 96.58 84.38 74.38 70.00 50.61 
8 163.62 159.62 97.28 80.31 70.31 66.70 49.06 
9 164.16 160.16 97.14 77.57 67.57 63.29 46.74 
10 164.69 160.69 97.00 77.10 67.10 62.69 44.53 
11 165.14 161.14 96.08 76.80 66.80 62.38 43.46 
12 166.92 162.92 97.47 77.59 67.59 63.39 44.20 
1964 1 170.00 166.00 101.12 79.46 69.46 65.31 45.44 
2 171.54 167.54 102.95 81.39 71.39 65.88 45.69 
3 171.54 167.54 102.95 81.79 71.79 67.09 45.68 
4 172.04 168.04 103.63 81.21 71.21 66.31 45.48 
5 173.04 169.04 105.11 79.92 69.92 65.33 43.87 
6 173.54 169.54 105.95 78.82 68.82 64.38 42.19 
7 173.54 169.54 105.95 78.32 68.32 63.46 40.75 
8 173.54 169.54 105.95 77.61 67.61 61.87 40.09 
9 173.54 169.54 105.95 76.87 66.87 61.65 39.01 
10 173.54 169.54 105.95 76.76 66.76 61.51 38.80 
11 174.00 170.00 106.22 77.82 67.82 62.37 38.54 
12 174.41 170.41 106.95 79.00 69.00 64.10 39.25 
Lumber Grade 
andard Utility Economy 
Factory 
Select 
#1 Shop #2 Shop #3 Shop Molding 
usand board feet, lumber tally) 
64.09 43.77 16.40 110.38 92.05 62.84 23.73 118.44 
54.57 44.25 18.29 109.11 92.14 62.93 24.36 119.42 
64.85 44.96 19.57 109.47 92.03 62,82 23.94 118.03 
64.68 46.01 20.23 109.11 91.14 63.68 24.32 117.38 
56.33 48.00 21.60 109.57 91.60 63,97 24.03 114.24 
59.69 49.01 23.10 110.50 92.84 64.01 24.78 115.36 
70.00 50.61 22.01 114.76 93.42 65.80 25.48 116.41 
56.70 49.06 18.24 115.97 93.25 67.09 26.18 116.62 
53.29 46.74 15.43 113.84 93.44 66.76 25.84 114.77 
52.69 44.53 14.91 112.71 95.11 67.39 26.22 113.02 
32.38 43.46 15.13 111,05 95.22 66.32 25.45 116.39 
33.39 44.20 15.83 112.95 95.24 66.34 25.76 117.93 
35.31 45.44 16.79 114.15 95.66 67.02 26.33 121.85 
55.88 45.69 17.67 113.40 95.93 67.67 26.89 119.94 
57.09 45.68 18.49 112.76 95.81 67.96 28.17 118.52 
56.31 45.48 18.90 115.32 96.74 68.37 27.32 115.08 
55.33 43.87 17.90 116.93 97.75 68.91 27.69 109 .43 
54.38 42.19 15.90 118.40 98.29 68.80 27.09 105.69 
53.46 40.75 14.90 115.60 97.92 68.84 27.11 106.65 
11.87 40.09 14.40 117.15 98.90 70.00 27.86 107.15 
il.65 39.01 13.40 116.53 98.64 68.62 27.23 108.38 
il.51 38,80 12.90 116.53 98.09 68.87 27.18 107.58 
,2.37 38.54 14.07 117.66 98.24 68.36 26.82 111.18 
14.10 39.25 16.05 122.25 99.00 67.71 25.94 116,10 
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the price of that grade of veneer. 
The American Plywood Association (APA) has cooperated with the BLM 
and the Forest Service in developing a method for imputing veneer prices 
from plywood prices. The cost data and plywood volume by grade used in 
this method are collected from APA members by the APA and are confidential. 
Therefore, the actual cost and volume data used in veneer price determina­
tion will not be presented here. However, it will be useful to discuss 
the method used to find the final veneer prices for 1960-64. 
Table 6 shows the major plywood products which the APA uses in its 
veneer price determination method. For each thickness of plywood, the 
table also gives what the APA considers the normal composition of veneer 
in the panel. This composition may vary in practice. 
It is seen in Table 6 that CC exterior grade plywood is the only 
grade that uses one veneer grade exclusively. Logically, then, this is 
the place to begin the veneer price calculations; i.e., determine the 
average price of C veneer for a given year. This is done as follows: 
1. The annual production of each thickness of CC exterior plywood 
in thousands of square feet, surface area, is obtained from the APA. 
Call these q^ , q2, •••> q^  for the five thicknesses. 
2. From Table 6, the number of plys needed for each panel thickness 
is obtained. Let n^ , n2, ..., ng be the number of plys. 
3. Using the information in steps 1 and 2, the number of square 
feet of each veneer grade and thickness necessary for the annual produc­
tion of CC plywood can be found. For example, consider 5/16-inch CC 
plywood. This is made up of three 1/10-inch C veneer plys; i.e., n^  ^= 3. 
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Table 6. Veneer composition in number of plys for each plywood grade and thickness used in 
veneer price calculation 
Plywood grade 
Plywood 
thickness 
(inches) 
Veneer grade and thickness (inches) 
A 
1/10 1/8 3/16 
B 
1/10 1/8 3/16 
C 
1/10 1/8 3/16 
D 
1/10 1/8 3/16 
AA. interior 1/4 2 1 
3/8 2 1 
1/2 2 2 1 
5/8 2 2 1 
3/4 2 3 
AB interior 1/4 1 1 1 
3/8 1 1 1 
1/2 1 1 2 1 
5/8 1 1 2 1 
3/4 1 1 3 
AD interior 1/4 1 2 
3/8 1 1 1 
1/2 1 2 2 
5/8 1 3 1 
3/4 1 1 3 
BD interior 1/4 1 2 
3/8 1 1 1 
1/2 1 2 2 
5/8 1 3 1 
3/4 1 1 3 
CD interior 5/16 1 2 
3/8 1 2 
1/2 1 4 
5/8 1 4 
3/4 1 2 2 
AA exterior 1/4 
3/8 
1/2 
5/8 
3/4 
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Table 6. (Continued) 
Plywood Veneer grade and thickness (inches) 
Plywood grade thickness 
(inches) A 
1/10 1/8 3/16 
B 
1/10 1/8 3/16 
C 
1/10 1/8 3/16 
D 
1/10 1/8 3/16 
AB exterior 1/4 
3/8 
1/2 
5/8 
3/4 
AC exterior 1/4 
3/8 
1/2 
5/8 
3/4 
BB exterior 5/8 
3/4 
BC exterior 1/4 1 2 
3/8 1 1 1 
1/2 1 2 2 
5/8 1 3 1 
3/4 1 1 3 
CG exterior 5/16 3 
3/8 3 
1/2 5 
5/8 5 
3/4 3 2 
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We know the production of 5/16-inch CC is q^ , so the total square feet of 
G veneer needed for the annual production of 5/16-inch CC plywood is 
equal to n^ q^  or Sq^ . 
4. It is necessary to put all C veneer on a common basis before 
its price can be calculated; i.e., we are not interested in the value of 
1/10-inch, 1/8-inch, and 3/16-inch C veneer, but only in an average 
price for all C veneer. It is customary to put everything on a 3/8-inch 
basis, so all veneer production calculated in step 3 is multiplied by 
the following conversion factors: 
Conversion factor 
Thickness to 3/8-inch basis 
1/10 .26667 
1/8 .33333 
3/16 .50000 
5. The value of green wood in CC plywood for the year in question 
is calculated from APA selling value and cost data. Value of green 
veneer is the selling price of the plywood minus the following items 
incurred in the manufacture of plywood (all on 3/8-inch basis): 
a. Allowance for profit and risk 
b. Labor costs 
c. Glue costs 
d. Association dues 
e. Plant overhead and fixed costs 
f. General and administrative costs 
6. The average price of one thousand square feet, 3/8-inch basis, 
of green C veneer as it leaves the lathe is then the green wood value 
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calculated in step 5 divided by the total production calculated in step 4. 
With the price of C veneer in hand, it is now possible to determine 
a price for D veneer by working with CD interior grade plywood. The 
manufacture of this grade uses only C and D veneer. By steps 1 through 
4 above, the production of C and D veneer on a 3/8-inch basis can be 
determined. The total value of green wood is also determined as in 
step 5, but is made net of C veneer by multiplying the C veneer price 
times its production for CD plywood and deducting this from total green 
wood value for CD plywood. The net is then the green wood value of D 
veneer v^ ich, when divided by production, yields the price of D veneer. 
The calculation then proceeds, in the same manner, to the determina­
tion of B veneer price by using production and value of plywood grades 
BB and BC exterior and BD interior. All these grades use only B and 
either C or D veneer. 
Finally, A veneer price is determined by using production and value 
of AA, AB, and AG exterior and AA, AB, and AD interior plywood. These 
grades use A and some combination of the other grades of veneer. Since 
all veneer prices except A are determined, A veneer value is a residual 
which is easily converted to A veneer price by dividing by A veneer 
production. 
The above procedure was carried through for 1960-64. The result 
was a set of average annual prices of veneer by grade for each year. 
It is not possible to get monthly fluctuations by this method, since 
all the data used are annual data. 
Veneer prices developed by the BLM were used to get relative 
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fluctuations in monthly prices. The BIM prices were not used initially 
because they included many of the costs associated with plywood layup. 
The prices of green veneer were needed for this study. It is, however, 
assumed that the fluctuations in BDl prices are equally applicable to 
the prices developed by the APA method, because it is unlikely that 
plywood layup costs contribute to short-term fluctuations in plywood 
price. Therefore, the average annual BLM prices were calculated for 
each year, 1960-64, and this average was used as an index from which 
relative monthly veneer price changes were calculated. The relative 
changes were then applied to the average annual veneer prices developed 
by the APA method for the year in question to yield the monthly time 
series of veneer prices used as observations for developing the veneer 
price regression equations. These prices appear in Table 7. 
Residue prices 
The only residue product considered for this study was wood chips 
for pulp. The market for wood chips is characterized by contracts 
between lumber and veneer producers and the pulp mills that buy their 
chips. Data on prices for wood chips are not easily available. The 
Forest Service estimates that the average price in the Douglas-fir 
subregion for 1963 was $7.00 per standard ton of bone dry chips f.o.b. 
the seller's mill. The recovery of chips for this study is reported in 
cubic feet of wood so the following sequence of conversions is made to 
get an average price per cubic foot of chips. 
a) 1 bone dry unit of chips = 83 cubic feet of wood 
b) 1 bone dry unit = 2,400 pounds 
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Table 7. Monthly veneer prices by grade, 1960-64 
Year Month 
Veneer grades 
A B C D 
($ per thousand square feet, 3/8" basis) 
1960 
1961 
1962 
1 54.67 33.40 30.58 22.45 
2 52.75 32.22 29.50 21.65 
3 52.40 32.01 29.31 21.51 
4 51.09 31.21 28.58 20.98 
5 51.09 31,21 28.58 20,98 
6 50.47 30.83 28.23 20.72 
7 51.09 31.21 28.58 20.98 
8 52.06 31.80 29.12 21.38 
9 53.08 32.43 29.69 21.80 
10 54.05 33.02 30.23 22.19 
11 54.05 33.02 30.23 22.19 
12 52.12 31.84 29.15 21.40 
1 47.31 32.14 24.07 17.24 
2 47.31 32.14 24.07 17.24 
3 50.04 33.99 25.46 18.24 
4 50.89 34.58 25.89 18.55 
5 50.89 34.58 25.89 18.55 
6 49.02 33.30 24.94 17.87 
7 49.93 33.92 25.40 18.20 
8 48.59 33.01 24.72 17.72 
9 47.74 32.43 24.28 17.40 
10 46.40 31.52 23.61 16.91 
11 46.13 31.34 23.47 16.82 
12 46.13 31.34 23.47 16.82 
1 46.93 34.43 29.06 20.17 
2 47.63 34.95 29.50 20.48 
3 47.05 34.52 29.13 20.22 
4 47.47 34.83 29.40 20.41 
5 46.84 34.37 29.00 20.13 
6 45.99 34.18 28.48 19.77 
7 45.15 33.13 27.96 19.41 
8 44.89 32.93 27.79 19.29 
9 44.89 32.93 27.79 19.29 
10 44.89 32.93 27.79 19.29 
11 44.78 32.86 27.73 19.25 
12 44.62 32.74 27.63 19.18 
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Tab le 7. (Continued) 
Year Month 
Veneer grades 
A B C D 
($ per thousand square feet, 3/8" basis) 
1 50,67 33,54 28.41 18.40 
2 50.85 33.65 28.51 18.46 
3 51.02 33.77 28.61 18.53 
4 51.02 33.77 28.61 18.53 
5 54.20 35,87 30.39 19.68 
6 60.49 40.03 33.92 21.96 
7 62.29 41.22 34.92 22.62 
8 60,49 40.03 33,92 21.96 
9 54,92 36.35 30.85 19.94 
10 53.90 35.67 30.23 19.57 
11 53.85 35.96 30.19 19.55 
12 53.43 35.36 29.96 19.40 
1 56.96 37.25 29.22 16.52 
2 57.97 37.90 29.73 16.81 
3 59.60 38.97 30.57 17.28 
4 59.35 38.81 30.44 17.21 
5 58.53 38.28 30.02 16.98 
6 57.15 37.37 29.31 16.57 
7 55.52 36.30 28 .47 16.10 
8 54.83 36.19 28.12 15.90 
9 53.95 35.27 27.67 15.64 
10 53,44 34.95 27.41 15.50 
11 52.69 34.46 27.02 15.28 
12 51.99 34.00 26.67 15.08 
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c) 1 standard ton = 2,000 pounds 
d) Therefore: 
1 standard ton = 2000 • 83/2400 = 69 cubic feet of wood 
e) If wood chips are $7.00 per standard ton, then the chip price 
per cubic foot of wood is: 
$7.00/69 = $.10145 per cubic foot 
End-Product Prices, 1950-1964 
A continuous series of end-product prices was heeded for the period 
1950-64. It was decided to use multiple regression, to develop these 
series. The 1960-64 prices were used as observations of the dependent 
variables and 1960-64 BLS price indexes for Douglas-fir items as inde­
pendent variables. Since the 1960-64 monthly prices were based on 
three-month moving averages of prices of the reported end-product items, 
it was decided to use three-month moving averages of the BLS indexes to 
obtain monthly indexes for the regression observations. The technique 
was to regress the monthly 1960-64 prices of each grade of lumber and 
veneer on the BLS items which most closely represent that grade of end-
product. Thus, 17 equations were needed all together - 13 for lumber 
grades and 4 for veneer grades. All variables appear in Table 8. 
The regression equations which were developed are shown in Table 9. 
All equations were developed on the basis of 60 observations, i.e., the 
monthly data from January 1960 through December 1964. There are no 
equations for and Y4 because, as explained previously, the prices of 
these grades differ from the prices of another grade by only a constant. 
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Table 8. Regression variables 
Symbol Variable name® 
1^0 
Yll 
1^2 
1^3 
?14 
1^5 
1^6 
1^7 
Xi 
B and better lumber 
C luinber 
D lumber 
Selects structural lumber 
Construction lumber 
Standard lumber 
Utility lumber 
Economy lumber 
Factory select lumber 
No. 1 shop lumber 
No. 2 shop lumber 
No. 3 shop lumber 
Molding lumber 
A veneer 
B veneer 
C veneer 
D veneer 
Flooring, C and better 
Drop siding, C and better 
Dimension, construction, dry 
A^ll variable names refer to Douglas-fir items. 
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Table 8. (Continued) 
Symbol Variable name 
X4 
X5 
X6 
X7 
%8 
X9 
1^0 
Xii 
1^2 
Xi3 
Dimension, construction, 25 percent standard, 
green 
Boards, construction, dry 
Boards, construction, 25 percent standard, 
green 
Timbers, construction, green 
Dimension, utility, green 
Boards, utility, green 
Timbers, utility, green 
Plywood, interior, panel, 1/4-inch, grade AD 
Plywood, exterior, panel, 3/8-inch, grade AC 
Plywood, interior, sheathing, 5/8-inch, grade CD 
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Table 9. Summary of regression equations for lumber and veneer prices by grad 
Dependent 
Intercept 
Coefficients of ind 
variable 
Xl X2 X3 X4 X5 X6 %7 
Y2 36.47 0.717 0.368 
3^ 67.59 1.001 -0.743 
5^ 1.44 -0.149 0.715 -0.030 0.004 0.130 
6^ 20.79 -0.145 0.660 -0.014 -0.232 -0.284 
"^ 7 
21.17 -0.303 0.454 0.303 -0.101 -0.600 
8^ -12,02 -0.266 0.574 0.370 0.101 -0.402 
9^ 97.07 
0.618 -2.162 -1.267 1.040 1.488 
1^0 75.71 0.323 -1.705 -0.333 0.489 0.770 
1^1 65.47 0.144 -1.759 -0.860 0.566 1.053 
1^2 25.17 0.011 -0.939 -0.235 0.387 0.499 
1^3 271.70 -0.003 -2.342 -0.503 1.466 -0.351 
?14 29.03 
?15 56.96 
Yi6 40.01 
2.58 
double asterisk denotes significance at the 1 percent level. 
!S by grade 
its of independent variables F 
%7 X8 X9 =10 Xll 
test® 
%12 Xl3 
** 
.96 
- ** 
.56 
4 0.130 ** .85 
2 -0.284 •)(* .85 
1 -0.600 0.044 0.081 0.366 ** .95 
1 -0.402 0.158 -0.211 -0.014 ** .75 
0 1.488 0.577 0.143 -0.220 ** .83 
9 0.770 0.434 0.645 -0.370 ** .90 
6 1.053 0.403 0.711 -0.203 ** .91 
7 0.499 0.339 0.267 -0.284 ** .91 
6 -0.351 0.706 -0.813 0.377 ** .35 
1.016 0.145 -0.872 ** ,59 
1.835 -0.603 -0.451 ** .63 
1.762 -1.654 -0.209 •X* .49 
0.727 -0.789 0.252 ** .46 
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The relationships are (see page 111): 
Yi = Yg + 4.00 
Y4 = Y5 + 10.00 
Monthly BLS prices for 1950-64, based on a three-month moving average, 
were developed for each BLS item and used in the equations of Table 9 to 
yield the 1950-64 series of end-product prices by grade used in the case 
study. 
End-Product Recoveries 
The end-product recoveries used in the study were developed from the 
data collected from a veneer mill and lumber mill in each of three 
sampling units. A representative sample of logs was run through each 
mill with the objective of recovering the maximum value of each log, 
i.e., the maximum amount of grade recovery in descending order of grade 
value. Lumber was placed into 13 grades and veneer into 6 grades. The 
lumber grades are those mentioned in the discussion of end-product prices 
plus two grades designated as "A-patch" and "B-patch". The patch grades 
denote veneer which was upgraded to A or B quality by patching defects. 
For this study, A-patch will be considered A veneer and B-patch will be 
considered B veneer. 
All recovery study mills were considered to be representative of 
mills manufacturing veneer or lumber in the Douglas-fir subregion. 
The data from the three sampling units were combined as a weighted 
average based on the volume of logs processed in the mill of each sampling 
unit. The weighting was done by log grade and diameter class. For 
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example, if 1,000, 2,000 and 3,000 board feet of 31-inch, No. 2 Peeler 
logs were run through lumber mills A, B and C, respectively, and the 
distribution of lumber grade recovery at each mill was, respectively, 
d^  dg and dg, then the lumber recovery distribution used in the study 
for 31-inch, No. 2 Peeler logs is: 
contains the lumber recovery data used in this study and Table 11 con­
tains the veneer recovery data. 
Lumber manufacturing costs 
The 1963 Douglas-fir subregion limiber manufacturing costs collected 
by the Forest Service were used in this study. The costs are based on a 
sampling of the cost records maintained by mills which purchase National 
Forest timber. They are considered to be the average costs of the lumber 
industry for 1963, 
There wi" î no data available to allow breaking these costs down by 
log grades. They were available only by 3-inch diameter classes which 
reflects the average manufacturing cost for all log grades in which that 
diameter class appears. The lumber manufacturing costs are given in 
Sl!,! - (''A + "3 + 3a,)/6 
contains the recoveries percentages of all grades of lumber. 
i.e., the r^ j^ where j = 1, 2, ..., 13 lumber end-products. Table 10 
Costs 
Table 12. 
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Table 10. Lumber grade recovery by log grade and diameter class 
Log grade Diameter 
class 
Lumber recovery by grade (MBW 
B C D 
Selects 
Struct. Const. 
Std. Util. Econ. 
No. 1 Peeler 31 247 249 152 
34 369 158 79 4 59 6 5 3 
37 574 189 17 6 23 4 19 
40 449 245 55 2 4 2 1 
43+ 619 207 42 6 7 6 2 
No. 2 Peeler 31 246 74 2 11 87 68 24 3 
34 451 244 111 4 27 7 13 1 
37 333 242 9 8 34 12 37 2 
40 662 149 58 
43+ 460 170 84 3 8 12 9 
No. 3 Peeler 25 132 73 16 3 41 9 22 8 
28 177 133 44 3 28 7 16 2 
31 279 121 32 5 36 19 42 4 
34 266 158 75 6 68 17 29 4 
37 109 125 86 68 15 26 3 
40 198 169 78 31 16 5 
43+ 251 264 124 
Special Peeler 19 23 54 33 3 4 
22 77 88 53 3 3 2 4 
No. 1 Sawlog 31 247 249 152 
34 369 158 79 4 59 6 5 3 
37 424 186 83 7 34 8 19 3 
40 449 245 55 2 4 2 1 
43+ 601 209 40 6 7 5 2 
No. 2 Sawlog 13 5 9 7 
16 10 16 6 1 3 
19 19 24 6 1 1 1 3 1 
22 13 9 2 2 6 20 18 2 
25 35 39 23 2 22 40 33 7 
28 81 77 20 3 43 14 26 4 
31 72 67 33 4 38 37 41 7 
34 112 61 36 5 44 21 22 5 
37 119 75 64 4 3 14 4 
40 41 62 84 25 29 40 11 
43+ 216 131 18 51 38 52 3 
T^otal lumber is a measure of overrun, i.e., board feet, lumber tally per thousand be 
grade (MBM/MBF, Scribner) 
Chips 
cuft./MBF Econ. Fac. Select 
No. 1 
Shop 
No. 2 
Shop 
No. 3 
Shop Mldng. 
Total* 
lumber 
175 99 24 98 42 1,086 79.5 
3 188 195 40 96 20 1,222 56.2 
142 167 49 21 15 1,226 53.5 
1 186 109 66 61 31 1,211 61.4 
2 113 86 28 45 9 1,170 44.7 
3 96 211 104 141 34 1,101 41.8 
1 195 136 23 25 13 1,250 53.1 
2 135 210 104 64 63 1,253 66.5 
189 111 26 47 7 1,249 42.7 
119 167 77 89 22 1,220 45.2 
8 343 353 146 54 27 1,227 53.4 
2 314 280 59 80 31 1,174 54.1 
4 233 248 59 63 42 1,183 59.6 
4 196 222 97 65 35 1,238 44.0 
3 180 394 153 126 25 1,310 44.0 
106 241 58 85 28 1,015 59.9 
153 192 101 136 15 1,236 32.5 
501 467 118 93 30 1,326 55.7 
4 390 449 106 123 30 1,328 46.9 
175 99 24 98 42 1,086 79.5 
3 188 195 40 96 20 1,222 56.2 
3 162 171 54 46 24 1,221 69.9 
1 186 109 66 61 31 1,211 61.4 
2 107 86 29 46 16 1,154 51.2 
313 887 222 120 36 1,599 66.7 
293 781 199 144 63 1,516 56.0 
1 239 662 254 127 45 1,383 41,6 
2 195 641 186 149 54 1,297 45.1 
7 231 447 189 162 64 1,294 44.6 
4 180 438 150 131 37 1,204 43.8 
7 111 424 204 157 45 1,240 44.6 
5 94 360 220 200 42 1,222 50.9 
4 69 426 172 148 67 1,165 43.9 
11 19 405 185 406 20 1,327 92.3 
3 16 > 94 167 240 310 1,336 108.0 
ihousand board feet, net log scale. 
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Table 10. (Continued) 
Log grade Diameter 
class 
Lximber recovery by g 
B C D Selects Struct. Const. 
Std. Util. 
No. 3 Sawlog 10 10 6 5 1 
13 7 6 
16 9 9 18 
19 10 6 6 3 6 3 2 
22 39 7 23 5 5 
25 11 3 19 4 83 
28 10 13 37 
31 5 15 
34 14 43 25 36 47 155 
37+ 8 20 22 16 14 68 
ecovery by grade (MBM/MBF, Scribner) 
Chips 
• 
Util. Econ. Fac. Select 
No. 1 
Shop 
No. 2 
Shop 
No. 3 
Shop Mldng. 
Total® 
lumber 
cuft./MBF 
210 918 249 185 80 1,664 85.3 
144 481 472 450 176 1,736 117.4 
4 117 582 405 348 342 1,834 111.9 
2 94 454 376 458 236 1,654 74.2 
5 90 484 373 362 133 1,521 73.3 
83 19 39 331 273 279 146 1,207 95.4 
40 442 498 380 111 1,531 71.4 
7 554 350 401 82 1,414 44.9 
155 43 31 197 161 261 173 1,186 81.8 
68 17 34 400 343 314 128 1,384 81.8 
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Table 11. Veneer grade recovery by log grade and diameter class 
Log grade 
Diam­
eter 
class 
Veneer recovery by grade 
(MSF 3/8'7MBF, Scribner) Chips 
cuft./MBF 
A B C D 
Total* 
veneer 
No. 1 Peeler 31 87 241 1,392 360 2,080 107.0 
34 238 429 1,218 473 2,358 92.5 
37 1,311 1,063 1,078 304 3,756 53.3 
40 218 1,112 1,378 462 3,170 70.3 
43+ 900 844 908 402 3,054 51.1 
No. 2 Peeler 31 875 653 1,323 767 3,618 55.2 
34 875 653 1,323 767 3,618 55.2 
37 875 653 1,323 767 3,618 55.2 
40 875 653 1,323 767 3,618 55.2 
43+ 852 616 1,022 224 2,714 84.1 
No. 3 Peeler 25 162 599 1,554 1,164 3,479_ 53.4 
28 222 419 1,195 1,100 2,936 54.1 
31 330 369 988 1,103 2,790 59.6 
34 322 729 1,513 793 3,357 44.0 
37 238 353 2,015 376 2,982 44.0 
40 435 513 584 995 2,527 59.9 
43+ 820 585 649 680 2,734 32.5 
Special Peeler 19 218 274 1,871 938 3,301 55.7 
22 212 674 1,940 773 3,599 46.9 
No. 1 Sawlog 31 87 241 1,392 360 2,080 107.0 
34 238 429 1,218 473 2,358 92.5 
37 1,311 1,063 1,078 304 3,756 53.3 
40 218 1,112 1,378 462 3,170 70.3 
43+ 900 844 908 402 3,054 51,1 
No. 2 Sawlog 13 21 51 1,319 1,252 2,643 66.7 
16 13 41 1,256 1,949 3,259 56.0 
19 22 78 821 1,934 3,855 41.6 
22 16 36 560 2,386 2,999 45.1 
25 126 165 311 2,038 2,640 44.6 
®Total veneer is measure of recovery ratio, i.e., square feet, 
3/8-inch of veneer per thousand board feet, net log scale. 
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Table 11, (Continued) 
Log grade 
Diam­
eter 
class 
Veneer recovery by grade 
(MSF 3/8"/MBF, Scribner) Chips 
cuft./MBF 
A B G D Total® 
veneer 
No. 2 Sawlog 28 90 260 678 1,774 2,802 43.8 
(continued) 31 397 484 661 1,264 2,806 44.6 
34 26 157 1,201 2,164 3,548 50.9 
37 118 160 602 1,407 2,287 43.9 
40 321 484 852 1,953 3,610 92.3 
43+ 294 597 610 709 2,210 60.9 
No. 3 Sawlog 10 8 50 1,781 1,648 3,487 146.4 
13 17 27 908 3,518 4,470 107.7 
16 106 593 2,078 2,777 221.0 
19 49 6 417 1,677 2,149 139.2 
22 276 934 1,210 171.2 
25 24 47 506 1,580 2,157 162.4 
28+ 37 286 620 1,691 2,634 167.8 
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Table 12. Lxmber manufacturing costs 
Lumber manufacturing cost 
($ per thousand board feet, Scribner log scale) 
10 36.10 
13 32.50 
16 29.90 
19 28.30 
22 27.40 
25 26.90 
28 27.00 
31 27.50 
34 28.40 
37 30.10 
40 31.40 
43+ 32.40 
Veneer manufacturing costs 
Average Industry costs of producing plywood were available from the 
American Plywood Association on a confidential basis. These costs were 
broken down on the basis of major cost centers such as green end veneer, 
drying, patching, glueing and plywood layup. The objective for this 
study was to obtain the average costs for manufacturing rough dry veneer. 
Therefore, the costs needed were green end costs, i.e., peeling, clipping. 
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etc., drying costs and patching costs. These costs* were compiled for 
the years 1960-64, and were assigned to the veneer grades on the basis of 
the volume produced of each grade. The result was the average costs, for 
the period, of manufacturing 1,000 square feet, 3/8-inch basis of A, B, 
C and D veneer. These costs were then applied to the recoveries of 
veneer (Table 11) to yield the cost per thousand board feet, log scale of 
manufacturing veneer for logs of all grades and diameters. The veneer 
manufacturing costs are shown in Table 13. 
Stump to truck costs 
The average 1963 stump to truck cost developed from Forest Service 
cost studies was used in this study. This cost represents the costs of 
felling, bucking, yarding (or skidding) and loading. These include 
general logging overhead and woods fire protection costs, The 1963 
average stump to truck cost for the Douglas-fir subregion was $15.70 per 
thousand board feet, Scribner log scale. 
Sale Inventory 
The distribution of log grades and diameter classes of the timber 
sale used in this study is that of the Douglas-fir index sale used by 
the Forest Service to test the effect of changes in appraisal variables 
on timber sales. The sale is considered representative of those made in 
old-growth Douglas-fir stands in the Douglas-fir subregion. 
O^verhead and fixed costs were allocated to the cost centers needed 
for rough dry veneer on the basis of the proportion of direct labor re­
quired for plywood manufacture which was allocable to these cost centers. 
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Table 13. Veneer manufacturing costs 
Log grade 
class 
Veneer manufacturing costs 
($ per thousand board feet, 
Scribner log scale) 
No. 1 Peeler 31 17.22 
34 20.88 
37 39.42 
- • 40 30.26 
43+ 31.16 
No. 2 Peeler 31 34.28 
34 34.28 
37 34.28 
40 34.28 
43+ 27.32 
No. 3 Peeler 25 29.63 
28 24.93 
31 24.06 
34 30,18 
37 25.28 
40 23.27 
43+ 27.02 
Special Peeler 19 27.04 
22 31.27 
No. 1 Sawmill 31 17.22 
34 20.88 
37 39.42 
40 30.26 
43+ 31.16 
No. 2 Sawmill 13 19.98 
16 24-33 
19 21.49 
22 22.20 
25 20.71 
28 22.33 
31 24.99 
34 27.07 
37 18,18 
40 30,52 
43+ 20.74 
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Tab le 13. (Continued) 
Log grade 
Diameter 
class 
Veneer manufacturing costs 
($ per thousand board feet, 
Scribner log scale) 
No. 3 Sawmill 10 26.18 
13 32.94 
16 20.88 
19 15.99 
22 8.87 
25 16.17 
28+ 20.97 
For this study it was assumed that the index sale has a total of one 
million board feet. The distribution of sale volume is shown in Table 14. 
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Table 14. Volume distribution of the Douglas-fir index sale 
Log grade 
Diameter class 
(inches) Volume (MBF) 
No. 1 Peeler 31 14.0 
34 14.0 
37 14.0 
40 7.0 
43+ 7.0 
Log grade subtotal 56.0 
No. 2 Peeler 31 22.0 
34 22.0 
37 21.0 
40 22.0 
43+ 21.0 
Log grade subtotal 108.0 
No. 3 Peeler 25 33.0 
28 32.0 
31 33.0 
34 24.0 
37 23.0 
40 24.0 
43+ 23.0 
Log grade subtotal I-. .0 
Special Peeler 19 20.0 
22 24.0 
Log grade subtotal 44.0 
Peeler log subtotal 400.0 
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Tab le 14. (Continued) 
Log grade 
Diameter class 
(inches) Volume (MBF) 
No. 1 Sawmill 31 
34 
37 
40 
43+ 
1 . 2  
1.2 
1 . 2  
1.2 
1 . 2  
Log grade subtotal 6 . 0  
No. 2 Sawmill 13 14.0 
16 42.0 
19 56.0 
22 65.0 
25 65.0 
28 69.0 
31 46.0 
34 32.0 
37 23.0 
40 14.0 
43+ 36.0 
Log grade subtotal 462.0 
3 Peeler 10 12.0 
13 17.0 
16 17.0 
19 17.0 
22 20.0 
25 14.0 
28 11.0 
31 10.0 
34+ 14.0 
Log grade subtotal 132.0 
Sawmill log subtotal 600.0 
Grand total 1000.0 
